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FOREWORD
T his d i s s e r t a t i o n  i s  p re s e n te d  a s  th r e e  s e p a ra te  p a p e rs :  1) S k e le ta l
V a r ia t io n  in  Kangaroo R ats (Genus Dipodomys) o f  th e  heerm anni Group in  B a ja  
C a l i f o r n ia ,  M exico; 2) B acu la r  V a r ia t io n  in  Kangaroo R ats  (Genus Dipodomys) 
o f  th e  heerm anni Group in  B a ja  C a l i f o r n i a ,  M exico; and 3) R e la tio n s h ip s  
Between E c o lo g ie  and M orphologic V a r ia t io n  in  Kangaroo R ats (Genus Dipodomys) 
o f  th e  heerm anni Group in  B a ja  C a l i f o r n ia ,  M exico. They have been  p re p a re d  
in  a s t y l e  a p p ro p r ia te  f o r  The J o u rn a l  o f  Mammalogy, The American M idland 
N a t u r a l i s t , and E co logy , r e s p e c t iv e ly ,  to  w hich th ey  w i l l  be su b m itte d  f o r  
p u b l i c a t i o n .  A ppendices have been added to  th e  d i s s e r t a t i o n  to  p ro v id e  
s u p p o r tin g  d a ta  f o r  th e  b e n e f i t  o f  f u tu r e  i n v e s t i g a t o r s .  The c i t a t i o n s  o f  
B es t (1976a) r e f e r  to  t h i s  d i s s e r t a t i o n .
MORPHOLOGIC VARIATION IN KANGAROO RATS (GENUS DIPODOMYS)
OF THE HEERMANNI GROUP IN BAJA CALIFORNIA, MEXICO 
b y : Troy L . B es t 
M ajor P ro fe s s o r :  Gary D. S c h n e ll
V a r ia t io n  in  kangaroo  r a t  (Dipodomys) s k in  and s k e l e t a l  m easurem ents 
was e v a lu a te d  u s in g  265 specim ens c o l le c te d  from 11 l o c a l i t i e s  in  B a ja  
C a l i f o r n ia ,  M exico. C lu s te r  a n a ly se s  r e a d i ly  s e p a ra te d  g ra v ip e s  from 2 - 
a g i l i s  in  a re a s  o f  sym patry . There was i n t e r l o c a l i t y  v a r i a t io n  in  41 o f  th e  
42 c h a ra c te r s  a n a ly z e d . M ales w ere l a r g e r  th an  fem ales i n  th e  14 c h a ra c te r s  
t h a t  e x h ib i te d  se x u a l dim orphism . U sing c o r r e l a t i o n  a n a ly se s  th e  19 l e a s t  
c o r r e la te d  c h a ra c te r s  w ere s e le c te d  from th e  o r ig i n a l  42.
Taxonomic c o n c lu s io n s  drawn from  th e s e  d a ta  and from  p re v io u s  s tu d ie s  
in d i c a te  th e r e  a re  two s p e c ie s  o f kangaroo r a t s  o f th e  heerm anni group in  
B a ja  C a l i f o r n ia .  S uggested  changes in  taxonom ic nom encla tu re  a re  p r e s e n te d .
B a c u la r  v a r i a t i o n  was e v a lu a te d  u t i l i z i n g  124 specim ens. I n t e r l o c a l i t y  
v a r i a t io n  o c c u rre d  in  th e  th r e e  c h a ra c te r s  a n a ly z e d . OTUs com prised of 
p o p u la tio n s  o f  D^. g ra v ip e s  w ere r e a d i ly  s e p a ra b le  from th e  o th e r  ta x a .  
Comparisons o f  s i m i l a r i t y  m a tr ic e s  b ased  upon b a c u la r  c h a ra c te r s  w ith  th o se  
f o r  v a r io u s  s e t s  o f  s k in  and s k e l e t a l  c h a ra c te r s  y ie ld e d  h ig h  c o r r e la t io n s  
w ith  th e  s e t  o f  p o s t - c r a n i a l  s k e l e t a l  c h a r a c te r s .  B acu la r le n g th  had  a 
s i g n i f i c a n t  l i n e a r  c o r r e l a t i o n  w ith  body le n g th .
I n t e r l o c a l i t y  v a r i a t i o n  in  te m p e ra tu re ,  p r e c i p i t a t i o n ,  v e g e ta t io n ,  and 
burrow  sy stem s w ere an a ly zed  f o r  11 l o c a l i t i e s  w here kangaroo r a t s  (Dipodomys 
a g i l i s )  w ere c o l le c te d  in  B aja  C a l i f o r n ia .  These d a ta  w ere examined to  
d e te rm in e  t h e i r  c o r r e l a t i o n s  w ith  m orpho log ic  v a r i a t io n  in  th e  11 kangaroo  
r a t  p o p u la t io n s .  P r in c ip a l  component I  o f  th e  Dipodomys m orpho log ic  d a ta  was
s ig n i f i c a n t l y  c o r r e l a te d  w ith  l a t i t u d e  and lo n g itu d e  fo r  b o th  s e x e s  l a r g e r
specim ens w ere from th e  so u th e rn  p o p u la t io n s .  Component I I  o f  burrow  v a r i a t io n  
was c o r r e la te d  w ith  component I  f o r  m ales o n ly . In  a d d i t io n ,  th e  fem ale 
component I I  was c o r r e l a te d  w ith  J u ly  mean te m p e ra tu re  and Jan u ary  mean 
p r e c i p i t a t i o n .  T h is  second  component was s i g n i f i c a n t l y  c o r r e la te d  w ith  
in c re a s e d  h in d  fo o t le n g th  in  th e  wanrier so u th e rn  l o c a l i t i e s , and was taken  
as an in d i c a t io n  th a t  A l le n 's  ecog eo g rap h ic  r u le  was b e in g  fo llo w ed .
The r e la t io n s h ip s  o f  d i f f e r e n t  g roups o f m orpholog ic  c h a ra c te r s  and 
th e  e n v iro n m en ta l v a r ia b le s  were shown by c l u s t e r  a n a ly se s .  M orphologic 
and en v iro n m en ta l d a ta  m a tr ic e s  g e n e ra l ly  c lu s te r e d  s e p a r a te ly .  W ith in  th e  
m orpho log ic  c l u s t e r s ,  m a tr ic e s  w ere g e n e ra l ly  s e p a ra te d  in to  groups o f  
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PAPER I
SKELETAL VARIATION IN KANGAROO RATS (GENUS DIPODOMYS)
OF THE HEERMANNI GROUP IN BAJA CALIFORNIA, MEXICO
TROY L . BEST
ABSTRACT. V a r ia t io n  in  kangaroo  r a t  (Dipodomys) s k in  and s k e l e t a l
m easurem ents was e v a lu a te d  u s in g  265 specim ens from 11 l o c a l i t i e s  in  B a ja  
C a l i f o r n ia ,  M exico. C lu s te r  a n a ly se s  w ere u t i l i z e d  to  v e r i f y  f i e l d  
i d e n t i f i c a t i o n  a t  th e  two l o c a l i t i e s  w here 2 -  g ra v ip e s  and _D. a g i l i s  w ere 
sy m p a tr ic  and to  exam ine each  o f  th e  o th e r  n in e  c o l l e c t in g  s i t e s  f o r  p o s s ib le  
sy m p a tr ic  fo rm s. S exual dim orphism  o c c u rre d  in  two e x t e r n a l ,  th r e e  s k u l l ,  
and n in e  p o s t - c r a n i a l  m easurem ents. M ales w ere s i g n i f i c a n t l y  l a r g e r  th a n  
fem ales  in  a l l  o f  th e s e  c h a r a c t e r i s t i c s .  S ig n i f i c a n t  interO TU  v a r i a t i o n  
o c c u rre d  in  41 o f th e  42 c h a ra c te r s  a n a ly z e d . U sing c o r r e l a t i o n  a n a ly se s  th e  
19 l e a s t  c o r r e l a te d  c h a ra c te r s  w ere s e le c te d  from  th e  o r i g i n a l  42 . D^ .
g ra v ip e s  was r e a d i ly  s e p a ra b le  from  th e  o th e r  ta x a .  The d a ta  in d i c a te  t h a t  
th e r e  a re  two s p e c ie s  o f  kangaroo  r a t s  o f  th e  heerm anni group in  B a ja  
C a l i f o r n ia .  S ugg ested  changes i n  n o m e n c la tu re  in c lu d e :  ]Q. p e n in s u la r i s
p e n in s u la r i s  to  a g i l i s  p e n i n s u l a r i s ; p e n in s u la r i s  pedionomus to  D^ . a g i l i s  
pedionom us; JD- p e n in s u la r i s  erem oecus to  D^ . a g i l i s  erem oecus; p e n in s u l a r i s  
a u s t r a l i s  to  D^. a g i l i s  a u s t r a l i s ; D^ . p a r a l iu s  to  JD. a g i l i s  p l e c t i l i s ; 
a n t iq u a r iu s  to  a g i l i s  pedionom us.
.1
INTRODUCTION
Kangaroo r a t s  (genus Dipodomys) o f  th e  heerm anni group occupy m ost o f 
B a ja  C a l i f o r n ia  from  th e  m oun tains o f  th e  n o r th  th ro u g h  th e  d e s e r t  a re a s  
t h a t  co v er m ost o f  th e  p e n in s u la  (Huey, 1 9 5 1 ). Tlie w id e ly  v a ry in g  h a b i t a t s  
and n arrow ness o f  th e  p e n in s u la ,  p lu s  th e  p re s e n c e  o f  kangaroo  r a t s  th ro u g h o u t
th e  r e g io n ,  p r e s e n t  a  un iq u e  o p p o r tu n i ty  i n  te rm s o f  N orth  A m erica f o r
th e  s tu d y  o f  m o rp h o lo g ic  v a r i a t i o n  in  n a t u r a l  p o p u la t io n s .
K angaroo r a t s  i n  B a ja  C a l i f o r n ia  have been  s tu d ie d  by V i l l a  R. (1 9 4 1 ), 
A lv a rez  (1 9 6 0 ), Huey ( e . g . ,  1925, 1927, 1951, 1962, 1 9 6 4 ), S tock  (1 9 7 4 ), and 
B es t and S c h n e ll  (1 9 7 4 ). L id ic k e r  (1960) d is c u s s e d  m erriam i and 
I n s u l a r i s , and Lackey (1967) exam ined m ost o f  th e  o th e r  t a x a ,  though he  was 
p r im a r i ly  i n t e r e s t e d  i n  D^ . s te p h e n s i  and D. cas eus i n  so u th e rn  C a l i f o r n ia .
I  an a ly zed  b a c u la r  v a r i a t i o n  o f a g i l i s  and D. g ra v ip e s  (B e s t ,  1976M and 
r e l a t i o n s h ip s  betw een m orpho log ic  and é c o lo g ie  v a r i a t i o n  o f th e  p o p u la tio n s  
o f  a g i l i s  d is c u s s e d  h e re in  (B e s t ,  1976^).
U n iv a r ia te  and m u l t iv a r i a t e  s t a t i s t i c a l  te c h n iq u e s  can b e  em ployed 
to  d e s c r ib e  r e l a t i v e l y  com plex v a r i a t i o n  p a t t e r n s  i n  an o b je c t iv e  manner 
( e . g . ,  J o h n s to n , 1969; Pow er, 1969a^; F in d le y  and T r a u t ,  1970; Jo h n s to n  and 
S e la n d e r ,  1971; N i le s ,  1973; Genoways, 1973; K ennedy, 1976; B e s t ,  1976b,
1 9 7 6 ^ ). U sing th e s e  te c h n iq u e s  I  have i d e n t i f i e d  some p a t t e r n s  o f  v a r i a t i o n  
in  m orpho log ic  v a r i a b le s  a s s o c ia te d  w ith  kangaroo  r a t s  in  B aja  C a l i f o r n ia .
My p u rp o ses  w ere  to  i n v e s t i g a t e  th e :  (1) d eg ree  o f  s e x u a l d im orphism ; (2)
amount and p a t t e r n  o f  i n t e r l o c a l i t y  v a r i a t i o n  w i th in  each  c h a r a c te r ;  (3) 
p h e n e t ic  r e l a t i o n s h ip s  betw een  th e  p o p u la t io n s ;  and (4) taxonom ic 
r e l a t io n s h ip s  o f  th e  p o p u la t io n s .
MATERIALS AND METHODS
Kangaroo r a t s  w ere c o l le c te d  a t  11 l o c a l i t i e s  i n  B a ja  C a l i f o r n ia
d u rin g  June and J u ly ,  1972 (F ig . 1 ) ,  Specim ens w ere d iv id e d  in t o  13 
O p e ra tio n a l Taxonomic U n its  (OTUs), s in c e  a t  two o f th e  c o l l e c t in g  s i t e s ,
two ta x a  o f kangaroo  r a t s  o f  th e  heerm anni group o ccu r sy m m e tr ic a lly  U.
g ra v ip e s  and 2» a g i l i s  (F ig . 1 , OTUs 2 ,3  and 5 ,6 ) .  P r io r  to  t h i s  r e p o r t  th e  
taxonom ic d e s ig n a t io n s  (H a ll and K elso n , 1959, u n le s s  o th e rw is e  in d ic a te d )  
o f th e  OTUs w ere as fo llo w s : (OTU 1) 2* a g i l i s  m a r t i r e n s i s ; (2) 2* a g i l i s
s im u la n s ; (3) 2* g r a v ip e s ; (4 ) 2* a g i l i s  s im u la n s ; (5 ) 2* a g i l i s  p l e c t i l i s ; 
(6) 2* g r a v ip e s ; (7) 2* p e n in s u la r i s  pedionomus ; (8) 2* p a r a l i u s ; (9) 2* 
a n t iq u a r iu s  (Huey, 1952); (10) 2» p e n in s u la r i s  e rem oecus; (11) and (12) 2» 
p e n in s u la r i s  p e n i n s u l a r i s ; and (13) 2* p e n in s u l a r i s  a u s t r a l i s . Specimens 
w ere ta k e n  as n e a r  to  ty p e  l o c a l i t i e s  as p o s s i b l e .  For th e  p r e s e n t  a n a ly se s  
I  have t r e a t e d  th e s e  as p o p u la tio n s  s in c e  t h e i r  s y s te m a tic s  w ere n o t f u l l y  
u n d e rs to o d  (L ackey , 1967; S to c k , 1974; B e s t ,  19762)»
The 265 a d u l t  specim ens o f  t h i s  s tu d y  w ere d is t in g u is h e d  from 
im m ature in d iv id u a ls  a c c o rd in g  to  th e  ag in g  c r i t e r i a  o f  B es t and S c h n e ll 
(1 9 7 4 ). I  made th e  fo llo w in g  e x te r n a l  m easu rem en ts, a c c u ra te  to  th e  n e a r e s t  
m i l l im e te r ,  on f r e s h ly  c o l le c te d  specim ens b e fo re  th e y  w ere p re p a re d  as  
s ta n d a rd  museum s tu d y  s k in s  and s k e le to n s :  t o t a l  le n g th ,  t a i l  le n g th ,  h in d
fo o t  le n g th ,  and e a r  le n g th  from n o tc h ; body le n g th  was c a lc u la te d  by 
s u b t r a c t in g  t a i l  leng th , from  t o t a l  le n g th .  The 37 s k e l e t a l  m easurem ents 
(F ig .  2) w ere ta k e n  to  th e  n e a r e s t  0 .1  mm w ith  th e  same d i a l  c a l i p e r s .  The 
specim ens have been  d e p o s ite d  i n  th e  c o l l e c t i o n  o f  r e c e n t  mammals a t  th e  
S to v a l l  Museum o f  S c ie n ce  and H is to ry ,  U n iv e rs i ty  o f  Oklahoma. Specimen 
numbers in  th e  t e x t  and f ig u r e s  r e f e r  to  my o r i g i n a l  f i e l d  num bers.
S e v e ra l s t a t i s t i c a l  te c h n iq u e s  w ere u sed  in  d a ta  a n a l y s i s .  The mean 
and s ta n d a rd  d e v ia t io n  w ere c a lc u la te d  f o r  each  c h a r a c te r  f o r  each  OTU, and 
a re  p re s e n te d  i n  A ppendix I  o f  B es t (1976^) . I  t e s t e d  interOTU  h e te ro g e n e i ty
o f each c h a ra c te r  w ith  a one-way a n a ly s is  o f  v a r ia n c e ,  and used a  sums o f  
sq u a re s  s im u lta n e o u s  t e s t  p ro ced u re  (SS-STP; G a b r ie l ,  1964; G a b r ie l  and 
S o k a l, 1969) to  d e te rm in e  th e  m axim ally n o n - s ig n i f i c a n t  s u b se ts  o f  OTUs.
For m u l t iv a r i a t e  p ro c e d u re s ,  th e  mean m easurem ents fo r  each  OTU w ere 
u sed . These c h a r a c te r s  w ere s ta n d a rd iz e d  (so  t h a t  each  had a  mean o f 0 and 
s ta n d a rd  d e v ia t io n  o f  1 a c ro s s  OTUs) and c o r r e l a t i o n  and d is ta n c e  m a tr ic e s  
(S neath  and S o k a l, 1973) w ere c a lc u la te d .  C lu s te r s  o f  OTUs and c h a r a c te r s  
w ere o b ta in e d  w ith  th e  unw eighted  p a ir -g ro u p  method u s in g  a r i th m e t ic  a v e ra g es  
(UPGMA). P r in c ip a l  com ponents were c a lc u la te d  from  a m a tr ix  o f c o r r e l a t i o n  
among c h a r a c te r s ,  and p r o je c t io n s  o f  th e  OTUs w ere p lo t t e d  on th e  f i r s t  th r e e  
com ponents. On th e  r e s u l t i n g  th re e -d im e n s io n a l p lo t s  I  superim posed  a 
s h o r t e s t  m in im a lly  co n n ec ted  netw ork  computed from  th e  o r ig in a l  m a tr ix  o f  
d is ta n c e s  betw een OTUs.
To e lu c id a te  c o r r e l a t i o n s  betw een c h a r a c te r s ,  dendrogram s w ere 
c o n s tru c te d  from  c o r r e l a t i o n  m a tr ic e s  o f  th e  42 s ta n d a rd iz e d  c h a ra c te r s  f o r  
a l l  m ales and f o r  a l l  fe m a le s . Using th e s e  dendrogram s I  was a b le  to  
i d e n t i f y  g roups o f  c h a ra c te r s  w ith  i n t e r c o r r e l a t i o n s  o f  0 .9  o r  g r e a t e r .  To 
reduce  redundancy in  my c h a r a c te r  s e t  I  s e l e c te d  one c h a ra c te r  from  each  o f  
th e se  g roups on th e  b a s i s  o f  i t  b e in g : 1) i n  th e  same group f o r  b o th  m ales
and fem a le s ; a n d /o r  2) th e  lo w es t c h a r a c te r  number o f  th e  c h a r a c te r s  in  a  
p a r t i c u l a r  g ro u p in g .
C lu s te r  a n a ly se s  w ere perform ed to  v e r i f y  my v is u a l  s e p a ra t io n  o f  jD. 
g ra v ip e s  and a g i l i s  a t  l o c a l i t i e s  2 ,3  and 5 ,6  (F ig . 1 ) .  D is ta n c e  m a tr ic e s  
w ere c a lc u la te d  from  th e  42 s ta n d a rd iz e d  s k in  and s k e l e t a l  m easurem ents f o r  
each  in d iv id u a l  from  each  o f  th e  two l o c a l i t i e s .  C lu s te r s  o f in d iv id u a ls  
from th e  o r ig i n a l  d is ta n c e  m a tr ic e s  w ere o b ta in e d  w ith  th e  UPGMA. S im ila r  
exam in a tio n s  o f  th e  rem ain ing  n in e  l o c a l i t i e s  w ere conducted  in  s e a rc h  o f  
o th e r  sy m p a tr ic  fo rm s.
A nalyses w ere perform ed  u s in g  th e  IBM 360 com puter a t  th e  U n iv e rs ity  
o f  Oklahoma C om putation C e n te r . The program s UNIVAR (Power, 1969^) and 
NT-SYS (R o h lf , e t  a l . ,  1972) p ro v id ed  m ost o f  th e  a n a ly t ic  fo u n d a tio n  o f  
t h i s  s tu d y .
RESULTS
U sing in d iv id u a l  specim ens as OTUs, c l u s t e r  a n a ly se s  w ere perfo rm ed  
f o r  each  o f  th e  11 l o c a l i t i e s . R e s u lts  o f  two such a n a ly se s  a re  shown in  
F ig u re  3 . Two d i s t i n c t  c l u s t e r s  ap p e a r in  b o th  dendrogram s. The upper 
c l u s t e r  i n  each in c lu d e s  a l l  specim ens i d e n t i f i e d  in  th e  f i e l d  as D^. a g i l i s  j 
th e  lo w er co rresp o n d s  to  specim ens o f jD. g r a v ip e s . In  su b seq u en t a n a ly se s  
th e se  c l u s t e r s  a re  t r e a t e d  as s e p a r a te  OTUs. S im ila r  a n a ly se s  f o r  th e  o th e r  
n in e  l o c a l i t i e s  d id  n o t r e v e a l  a s im i l a r  d eg ree  o f  h e te ro g e n e i ty ,  in d ic a t in g  
th a t  o n ly  one tax o n  was re p re s e n te d  by th e  specim ens c o l le c te d  a t  each  s i t e .
Of th e  42 m o rp h o lo g ica l c h a r a c t e r s , 14 e x h ib i t  s i g n i f i c a n t  seco n d ary  
s e x u a l dim orphism  in  s i z e  (T ab le  2 ) ,  w ith  m ales b e in g  s i g n i f i c a n t l y  l a r g e r  
th a n  fe m a le s . These in c lu d e  two e x t e r n a l ,  th r e e  s k u l l ,  and n in e  p o s t - c r a n i a l  
m easurem ents. The dim orphism  i s  p r im a r i ly  i n  le n g th s  o f  th e  m ajor s t r u c t u r e s
o f th e  body . Only two w id th s  o f  s t r u c t u r e s  c h a ra c te r s  17 ( s k u l l  w id th )  and
41 (w id th  o f  fu se d  v e r te b r a e )  show s e x u a l dim orphism  in  s i z e .
S ig n i f i c a n t  interOTU  c h a r a c te r  v a r i a t i o n  i s  e v id e n t f o r  41 o f  th e  42 
c h a r a c te r s  in  b o th  sex es  (T ab le  3 ) .  The o n ly  c h a r a c te r  n o t showing v a r i a t i o n  
i s  c h a r a c te r  42 (number o f fu sed  v e r t e b r a e ) . F or a number o f  c h a ra c te r s  
( e . g . ,  3 ,  7 , 31 , and 34) th e  e x te n t  o f  interOTU  v a r i a t i o n  was d i f f e r e n t  f o r  
m ales and fem ales as  in d ic a te d  by th e  F j- ra t io s  f o r  each  se x  (T ab le  3 ) .
The 42 c h a r a c te r s  showed c o n s id e ra b le  redundancy in  b o th  s e x e s .  U sing 
th e  c r i t e r i a  o u t l in e d  above, I  s e le c te d  16 fem ale  and 15 m ale c h a r a c te r s .
Only c h a ra c te r s  7 ( g r e a t e s t  le n g th  o f  s k u l l ) ,  23 (u ln a  l e n g th ) ,  28 (s c a p u la
w id th ) and 36 (fem ur p rox im al w id th ) f o r  fe m a le s , and 15 ( b a s io c c ip i t a l  
le n g th ) ,  17 ( g r e a t e s t  w id th  o f  s k u l l )  and 38 ( p e lv i s  dep th ) f o r  m a le s , were 
n o t in  common f o r  b o th  s e x e s . These c h a r a c te r s  f o r  fem ales w ere added to  th e  
m a le 's  s e le c te d  s e t  o f  c h a ra c te r s  and v ic e  v e r s a ;  th u s ,  a  t o t a l  o f  19 
c h a ra c te r s  w ere chosen f o r  f u r th e r  a n a ly s e s ,  and th e s e  a re  shown in  F ig u re s  
4A and 4B. The m a jo r b ranches, p la c e  c h a r a c te r s  5 (e a r  le n g th )  and 42 (number 
o f  fu sed  v e r te b ra e )  s e p a ra te  from th e  o th e r  c h a r a c te r s  f o r  b o th  m ales and 
fe m a le s . C h a ra c te rs  3 ( t a i l  le n g th )  and 9 ( i n t e r o r b i t a l  w id th ) o f m a le s , 
and c h a ra c te r s  7 ( g r e a t e s t  le n g th  o f s k u l l )  and 21 ( a lv e o la r  le n g th )  o f  
fe m a le s , b ran ch  betw een c h a ra c te r s  5 and 42 and th e  rem ainder o f  th e  
c h a r a c te r s .  The c h a ra c te r s  t h a t  a re  r e l a t i v e l y  h ig h ly  c o r r e la te d  a r e :  23
(u ln a  le n g th ) ,  28 (s c a p u la  w id th ) and 30 ( s c a p u la  d e p th ) ;  7 ( g r e a t e s t  le n g th  
o f  s k u l l )  and 10 (n a s a l  le n g th ) ;  36 (fem ur p ro x im a l w id th ) and 38 ( p e lv i s  
dep th ) f o r  m ales ; and 11 ( in te r m a x i l la ry  w id th ) and 15 ( b a s i o c c i p i t a l  le n g th ) ;
18 (zygom atic  w id th )  and 17 ( g r e a t e s t  w id th  o f  s k u l l ) ;  23 (u ln a  l e n g th ) ,  38 
( p e lv is  d ep th ) and 28 (s c a p u la  w id th ) ;  36 (fem ur p ro x im al w id th )  and 40 
(p e lv ic  foram en w id th ) f o r  fe m a le s .
The p a t t e r n  o f  interOTU c h a r a c te r  v a r i a t i o n  i s  shown in  T ab le  4 ,  
w here th e  r e s u l t s  o f  th e  SS-STP a n a ly s is  f o r  each  o f  th e  19 c h a r a c te r s  a re  
p re s e n te d .  OTU 6 i s  th e  l a r g e s t  in  a l l  c h a r a c te r s  e x c e p t:  3 ( t a i l  le n g th )
in  m ales w here i t  i s  second to  OTU 13; 5 ( e a r  le n g th )  in  b o th  sex es  w here i t  
h a s ,  e x c e p t f o r  OTU 3 , th e  s h o r t e s t  e a r s  o f  a l l  th e  OTUs; 12 ( a lv e o la r  
le n g th )  i n  m ales w ith  OTU 3 b e in g  th e  o n ly  one g r e a t e r ;  and 42 (number o f  
fu sed  v e r te b r a e )  w here i t  i s  f o r th  and second  l a r g e s t  f o r  m ales and fe m a le s , 
r e s p e c t iv e ly .  In  a d d i t io n  to  OTU 6 , OTUs 3 , 11 , and 13 a re  f r e q u e n t ly  among 
th e  l a r g e s t  OTUs. OTUs 1 , 4 , and 8 w ere g e n e r a l ly  s m a lle r  f o r  m ost o f  th e
19 c h a r a c te r s .
The r e s u l t s  o f  m u l t i v a r i a t e  a n a ly se s  f u r th e r  d e s c r ib e  interOTU  
v a r i a t i o n .  F ig u re  5 shows phenogram s f o r  b o th  sex es  c o n s tru c te d  from  
c o r r e l a t i o n  and d is ta n c e  m a tr ic e s  o f  th e  19 s e le c te d  c h a r a c te r s .  Each o f  th e  
c o r r e l a t i o n  phenogram s ( F ig s .  5A and 5C) can be d iv id e d  in t o  two p rim ary  
c l u s t e r s .  In  m ales th e  low er c l u s t e r  c o n ta in s  OTUs 2 , 3 , and 6 and th e  
rem ain in g  OTUs com prise  th e  second  c l u s t e r .  For fem ales OTUs 3 and 6 make 
up one c l u s t e r  and th e  rem a in in g  OTUs make up th e  o th e r  group ( th e r e  w ere 
no fem ale specim ens f o r  OTUs 2 o r  1 0 ) .
The d is ta n c e  phenogram s a l s o  show on ly  two m ajo r c l u s t e r s  (F ig s .  5B 
and 5D ). For b o th  m ales and fem ales  OTUs 3 and 6 com prise  one c l u s t e r  and 
th e  o th e r  OTUs a re  i n  a  second  c l u s t e r .  W ith in  th e  l a r g e r  c l u s t e r  i n  th e  
fem ale phenogram (F ig .  5D ), OTUs do n o t  ap p ea r to  be g rouped  ac c o rd in g  to  any 
taxonom ic o r  g e o g ra p h ic  p a t t e r n .  The la rg e  c l u s t e r  o f  m ale OTUs e x h ib i t s  
su b g ro u p in g s b ased  upon g e o g ra p h ic a l  c o n s id e r a t io n s ,  i . e . ,  OTUs 1 , 2 ,  4 , 5 ,
7 , and 8 r e p r e s e n t  th e  n o r th e rn  fo rm s, OTU 10 i s  th e  o n ly  e a s t  c o a s ta l  form , 
and OTUs 9 , 1 1 , 1 2 , and 13 a r e  th e  so u th e rn  OTUs. The m ost h ig h ly  c o r r e la te d  
OTUs in  th e  d is ta n c e  phenogram s a r e  OTUs 1 and 5 f o r  fe m a le s . A ll  o th e r  
OTUs in  b o th  phenogram s (F ig s .  5B and 5D) a re  jo in e d  a t  a  p h e n e t ic  d is ta n c e  
o f 0 .5  o r  g r e a t e r .
The lo a d in g s  o f c h a r a c te r s  on th e  f i r s t  th r e e  component axes a re  
p re s e n te d  in  T ab le  5 and th re e -d im e n s io n a l  p r o je c t io n s  a re  d e p ic te d  in  F ig u re
6 . The c h a r a c te r  c o r r e l a t i o n s  w ith  p r i n c i p a l  component I  f o r  b o th  m ales and 
fem ales  a re  h ig h  f o r  a l l  c h a r a c te r s  e x c e p t 5 ( e a r  le n g th )  and 42 (number o f 
fu sed  v e r t e b r a e ) . F o llo w in g  th e  re a so n in g  o f  Jo h n s to n  and S e la n d e r  (1 9 7 1 ), 
N ile s  (1 9 7 3 ), and Kennedy (1976) t h i s  component may be ta k e n  to  r e p re s e n t  
o v e r a l l  s i z e  in  b o th  s e x e s ,  s in c e  i t  acc o u n ts  f o r  m ost o f  th e  c o v a r ia t io n  
among c h a r a c te r s .
8On p r in c i p a l  component I I ,  c h a r a c te r  5 (e a r  le n g th )  has th e  h ig h e s t  
lo a d in g  f o r  b o th  sex es  (T ab le  5 ) .  O ther c h a r a c te r s  have on ly  weak a s s o c ia t io n s  
w ith  t h i s  com ponent.
The t h i r d  p r in c i p a l  component f o r  m a les  has h ig h e s t  lo a d in g s  f o r  
c h a r a c te r s  3 ( t a i l  le n g th )  and 42 (number o f  fu se d  v e r t e b r a e ) . The fem ales 
have h ig h  n e g a t iv e  lo a d in g s  f o r  c h a r a c te r  42 (number o f fu sed  v e r te b r a e )  and 
much low er lo a d in g s  f o r  a l l  o th e r  c h a r a c te r s .  As n o te d  p r e v io u s ly ,  c h a r a c te r  
42 i s  th e  o n ly  one exam ined th a t  d id  n o t e x h i b i t  interOTU v a r i a t i o n .
The th r e e  components e x p la in  a lm o st 90% o f th e  t o t a l  c h a r a c te r  
v a r i a t i o n  f o r  each  sex  (se e  bo ttom  o f  T ab le  3 ) .  Thus d i s t o r t i o n  o f  th e  
p h e n e t ic  d is ta n c e s  betw een OTUs i s  v e ry  s m a ll  when th e  c h a r a c te r  sp ace  i s  
reduced  to  th r e e  d im en sio n s .
P r in c ip a l  component I ,  w hich a c c o u n ts  f o r  abo u t tw o - th i rd s  o f  th e  
p h e n e t ic  v a r i a t i o n ,  s e p a ra te s  p o p u la t io n s  by s i z e  in  F ig u re  6 . For m ales 
OTUs 3 , 6 , 1 1 , and 13 a re  th e  l a r g e s t  and 1 ,  8 , and 4 a re  th e  s m a l le s t .  The 
same i s  t r u e  f o r  fe m a le s , e x c e p t OTUs 11 and 13 a re  more c lo s e ly  a l l i e d  w ith  
th e  s m a lle r  OTUs. Except f o r  OTUs 3 and 6 , th e  fem ale OTUs form  a  c h a in  
g ra d in g  in  s i z e  from OTU 8 , th e  s m a l l e s t ,  to  OTU 13, th e  l a r g e s t  o f  t h i s  
g ro u p . For b o th  sex es  OTU 6 h as  a  much h ig h e r  lo a d in g  f o r  component I  th an  
any o f  th e  o th e r  OTUs.
The second  p r in c i p a l  component s e p a r a te s  th e  s h o r te r - e a r e d  OTU 3 , 
w hich i s  lo c a te d  tow ard  th e  back  o f th e  m o d e ls , and p la c e s  th e  lo n g e r-e a re d  
OTUs 9 , 10 , 11 , 12 , and 13 n e a r  th e  f r o n t .  T hus, lo n g e r  e a r  le n g th s  a re  
found in  th e  more s o u th e rn  fo rm s , a s  in d ic a te d  in  T ab le  4 . .
P r in c i p a l  component I I I  i s  r e p re s e n te d  by th e  le n g th s  o f  th e  v e r t i c a l  
l i n e s  in  th e  3-D m odels (F ig . 6 ) .  The two m ale OTUs (1 and 9) n e a r  th e  b a se  
o f  th e  d iagram  have  th e  s m a l le s t  number o f  fu se d  v e r te b r a e  and a ls o  have
(ex ce p t OTU 5) th e  s h o r t e s t  t a i l  le n g th  ( s e e  T ab le  4 ) .  These forms a re  
s e p a ra te d  from th e  o th e r  OTUs by component I I I .  For fe m a le s , th e re  i s  n o t 
as d i s t i n c t  a  b re a k  in  term s o f  t h i s  com ponent. However, OTUs 5 and 7 , w hich 
a re  p la c e d  n e a r  th e  b a s e ,  a re  among th e  s h o r t e s t  t a i l e d  fo rm s.
DISCUSSION
C lu s te r  a n a ly se s  have n o t p re v io u s ly  been  u t i l i z e d  to  s e p a ra te  
in d iv id u a l  specim ens o f  Dipodomys from a s in g le  l o c a l i t y  in to  t h e i r  
r e s p e c t iv e  s p e c ie s .  The te c h n iq u e s  used  h e re in  f o r  s e p a ra t in g  g ra v ip e s  
from D. a g i l i s  m igh t a l s o  be u s e fu l  in  s e p a ra t in g  o th e r  sy m p a tr ic  fo rm s.
T hat s im i la r  s e p a r a t io n  d id  n o t occu r a t  th e  o th e r  n in e  l o c a l i t i e s  may be 
e x p la in e d  in  two w ays. F i r s t ,  my r e s u l t s  may in d i c a te  t h a t  th e  only l o c a l i t i e s  
w ith  two ta x a  p r e s e n t  w ere th e  8 .5  m i. N San Q u in tin -2  m i. E C o lon ia  G uerrero  
and th e  6 m i. E E l R o sa rio  c o l le c t in g  s i t e s  ( s e e  T ab le  1 ) .  T h is  i s  th e  
i n t e r p r e t a t i o n  I  f a v o r .  Second, i f  two o r  more sy m p a tr ic  forms o ccu rred  a t  
any o f  th e  o th e r  n in e  l o c a l i t i e s  they  w ere n o t  s u f f i c i e n t l y  d i s t i n c t  f o r  
s e p a r a t io n  b ased  upon th e  ty p e  o f  c l u s t e r  a n a ly se s  used  and th e  c h a ra c te r s  
exam ined. Only one o f th e s e  n in e  l o c a l i t i e s  has been  in d ic a te d  as hav ing  
sy m p a tric  fo rm s, Huey (1951) l i s t e d  s i x  specim ens o f  D^. p e n in s u la r i s  
pedionomus from San B o rja s  M iss io n , b u t  l a t e r  does n o t in c lu d e  th e se  
specim ens in  th o s e  l i s t e d  f o r  a n t iq u a r iu s  (Huey, 1962, 1 964 ). He 
d e s c r ib e d  2» a n t iq u a r iu s  (Huey, 1962) as b e in g  known on ly  from e ig h t  
specim ens c o l le c te d  a t  San Juan  t i in e .  S ie r r a  San B o r ja ,  a l t .  4 ,000  f t . ,
2 8°41’N, 113°37'W . These l o c a l i t i e s  a re  w ith in  2 km o f each  o th e r .  I  
a ttem p ted  to  c o l l e c t  specim ens a long  th e  s lo p e s  a t  th e  San Juan  Mine b u t 
f a i l e d .  Along th e  canyon f lo o r  a t  th e  b a se  o f San Ju an  Mine (a  few hundred  
m e te rs  away) I  was s u c c e s s f u l  i n  o b ta in in g  13 a d u l t  specim ens (se e  T ab le  1 ) .
As m en tioned  p re v io u s ly  th e  c l u s t e r  a n a ly s is  f o r  th e s e  specim ens d id  n o t
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r e v e a l  any d i s t i n c t i v e  g ro u p in g s . T h is  cou ld  have been  because  my sam ple 
in c lu d e d  only  one o f  th e  s p e c ie s  p r e s e n t .  However, th e  sample was ta k en  
from th e  on ly  s u i t a b l e  h a b i t a t  in  th e  a r e a ,  i . e . ,  i t  was n o t rocky and sh a llo w  
s o i l e d ,  and th e re  w ere s e v e r a l  Dipodomys burrow s ob serv ed  in  th e  a re a .
S exual dim orphism  h as  been  d e s c r ib e d  p re v io u s ly  in  D^ . o r d l i  (D esha,
1967; Schm idly , 1971; Kennedy, 1976; Schm idly and H en d rick s , 1 976 ), and in  
m erriam i (L id ic k e r ,  1 960 ). Sexual dim orphism  in  th e  B a ja  C a l i f o r n ia  
p o p u la tio n s  I  exam ined i s  p a r t i c u l a r l y  no tew o rth y  b eca u se  o f th e  d eg ree  and 
numbers o f  c h a ra c te r s  in v o lv e d  as compared to  2 -  o r d i i  and m e rr ia m i.
Kennedy (1976) found s i g n i f i c a n t  s e x u a l dim orphism  in  11 o f  16 s k u l l  
c h a ra c te r s  in  o r d i i , and L id ic k e r  (1960) n o te d  a t  l e a s t  some se x u a l 
dim orphism  in  11 o f  13 c h a ra c te r s  in  m e rr ia m i. Only th r e e  o f  th e  s k u l l
c h a r a c t e r i s t i c s  I  s tu d ie d  show s i g n i f i c a n t  s e x u a l  dim orphism  (se e  T ab le  2 ) -----
g r e a t e s t  le n g th  o f  s k u l l ,  b a s i o c c i p i t a l  le n g th ,  and g r e a t e s t  w id th  o f  s k u l l .  
None o f  th e se  ap p ea r to  be r e le a te d  to  food h a b i t  s e p a ra t io n  o f th e  sex es  a s  
has been  su g g e s te d  in  b i r d s  (S e la n d e r , 1960). S iz e  in  p o s t - c r a n i a l  s k e l e t a l
e lem en ts  ex ce p t f o r  c l a v i c l e ,  s c a p u la  and p e lv ic  le n g th s  i s  s t r o n g ly
d im o rp h ic .
InterOTU c h a r a c te r  v a r i a t io n  i s  shown in  a l l  e x c e p t c h a ra c te r  42 , 
number o f  fu sed  v e r te b r a e  i n  th e  p e lv ic  g i r d l e  (s e e  T ab le  3 ) .  I t  i s  n o t 
s u p r is in g  th a t  a  c h a r a c te r  o f t h i s  ty p e  ( th e  o n ly  n o n -m e tr ic  one ta k en ) does 
n o t v a ry  s ig n i f i c a n t l y  among OTUs o r  betw een th e  sex es  (se e  T ab le 2 ) .  The 
su p p o rt g iv en  by th e  fu s io n  o f  th e se  v e r te b ra e  in  th e  p e lv ic  g i r d l e  p ro b ab ly  
i s  c lo s e ly  a s s o c ia te d  w ith  th e  s a l t a t o r i a l  mode o f  locom otion  o f  kangaroo  r a t s .
Phenograms r e s u l t i n g  from c l u s t e r  a n a ly se s  o f  c o r r e la t io n  and d is ta n c e  
m a tr ic e s  f o r  b o th  sex es  (F ig . 5) in d i c a te  th a t  th e re  a re  two p rim ary  c l u s t e r s  
o f  OTUs. E xcept f o r  th e  m ale c o r r e l a t i o n  phenogram s w here OTU 2 jo i n s  them .
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OTUs 3 and 6 c o n s i s ta n t ly  group away from th e  rem ain in g  OTUs (F ig . 5A). A 
p o r t io n  o f H uey 's  (1925) o r ig in a l  d e s c r ip t io n  c h a r a c te r i z e s  g ra v ip e s  
(OTUs 3 and 6) a s ,  "A l a r g e - s i z e d ,  h e a v y -b o d ie d , s m a ll-e a re d  an im a l, w ith  
th ic k  t a i l  o f  medium le n g th ,  b e lo n g in g  to  th e  heerm anni g roup . T ip o f  t a i l  
d a rk  and f iv e  to e s  on h in d  f o o t ,  w hich i s  ex tre m e ly  la rg e -b o n e d ."  T his 
c h a r a c te r i z a t i o n  i s  ad eq u a te  to  s e p a r a te  specim ens o f Di. g ra v ip e s  from th e  
rem ain ing  OTUs.
F u r th e r  s u b d iv is io n s  o f  th e  non-JD» g ra v ip e s  c l u s t e r  in  each  o f  th e  
fem ale phenograms (F ig s .  50 and 5D) and th e  m ale c o r r e l a t i o n  phenogram (F ig . 
5A) does n o t  seem w a rre n te d , p a r t i c u l a r l y  on taxonom ic o r  g eo g rap h ic  b a s e s .
The m ale d is ta n c e  phenogram can be d iv id e d  in t o  th r e e  s u b c lu s te r s  a t  a 
p h e n e t ic  d is ta n c e  o f  about 1 .0 5 . The upper s u b c lu s te r  r e p re s e n ts  th e  n o r th e rn  
forms (OTUs 1 , 2 ,  4 , 5 , 7 , and 8 ) ,  th e  c e n te r  sing le-m em ber s u b c lu s te r  (OTU 
10) th e  e a s t  c o a s ta l  form , and in  th e  low er s u b c lu s te r  (OTUs 9 , 11 , 12 , and 
13) a re  th e  rem ain in g  so u th e rn  fo rm s. C o r r e la t io n s  betw een e n v iro n m en ta l 
v a r ia b le s  and m orpho log ic  v a r i a t io n  o f  th e  n o n -^ . g ra v ip e s  OTUs a r e  p re s e n te d  
e lsew h ere  (B e s t ,  1 9 7 6 ^ ).
Two obv ious taxonom ic co n c lu s io n s  can be drawn from  th e  d a ta  p re s e n te d  
p re v io u s ly  and h e r e i n .  F i r s t ,  g ra v ip e s  i s  s e p a ra b le  from D^ . a g i l i s  on 
th e  b a s is  o f  k a ry o ty p e s  (S to c k , 1 9 7 4 ), b a c u la r  m easurem ents (B es t and S c h n e l l ,  
1974; B e s t ,  1 9 7 6 ^ ), and th e  s e t  o f  m orpho log ic  c h a r a c te r s  an a ly zed  h e r e in .  
Second, jD. a g i l i s , D^ . p e n i n s u l a r i s , JD. p a r a l i u s , and a n t iq u a r iu s  a re  n o t  
d i s t i n c t  on th e  b a s i s  o f  th e s e  a n a ly s e s .  These f in d in g s  su p p o r t a  c o n te n tio n  
th a t  th e r e  a r e  o n ly  two s p e c ie s  o f kangaroo  r a t s  o f  th e  heerm anni group in  
B a ja  C a l i f o r n ia ,  M exico D. g ra v ip e s  and 2 -  a g i l i s .
Huey (1951) s e p a ra te d  2* p e n in s u la r i s  from 2* a g i l i s  on th e  b a s i s  o f  
th e  fo rm e r 's  " . . .e x t r e m e ly  i n f l a t e d  b u l l a e ,  b r i g h t l y  c o lo re d  and h e a v i ly
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boned t a i l  and av e ra g e  d o r s a l  c o lo r  t o n e s . . . "  S to ck  (1974) in  h i s  "own 
ex am in a tio n  o f  many specim ens o f  t h i s  s e r i e s "  o f  B a ja  C a l i f o r n ia  p o p u la tio n s  
b e l ie v e d  th a t  th ey  a l l  may be su b sp e c ie s  o f a g i l i s  ( in c lu d in g  D. p a r a l lu s  
and 2 '  a n t i q u a r i u s ) . S tock  (1974) b ased  h i s  c o n c lu s io n s  p r im a r i ly  upon 
L ac k ey 's  (1967) c r a n i a l  m easurem ents and h is  own f in d in g s  o f  i d e n t i c a l  
k a ry o ty p e s  f o r  Di. p e n in s u la r i s  pedionomus and _D. a g i l i s  p l e c t i l i s . The 
ev id en ce  p re s e n te d  by Lackey (1967) and S to ck  (1974) as w e l l  as b a c u la r  
(B est and S c h n e l l ,  1974; B e s t ,  1976W a n a ly se s  seems to  g r e a t ly  ou tw eigh  
H uey 's  (1951) j u s t i f i c a t i o n  f o r  s e p a r a t in g  2» p e n in s u la r i s  from D. a g i l i s . 
T h e re fo re ,  I  p ro p o se  th e  fo llo w in g  changes in  th e  taxonom ic d e s ig n a t io n s  o f  
th e  "2« p e n i n s u l a r i s " OTUs s tu d ie d  h e r e in  ( s u b sp e c ie s  d e s ig n a t io n s  a re  b ased  
s o le ly  upon ran g e  maps in  H a ll  and K e lso n , 1 9 5 9 ); 2* p e n in s u la r i s  p e n in s u la r i s
(M erriam , 1907) to  2* a g i l i s  p e n in s u la r i s  (M erriam , 1 9 0 7 ); 2* p e n in s u la r i s  
pedionomus Huey, 1951 to  2* a g i l i s  pedionom us Huey, 1951; 2* p e n in s u la r i s  
erem oecus Huey, 1951 to  2* a g i l i s  erem oecus Huey, 1951; 2* p e n in s u la r i s  
a u s t r a l i s  Huey, 1951 to  2* a g i l i s  a u s t r a l i s  Huey, 1951.
Huey (1951) d e s c r ib e d  2* p a r a l iu s  on th e  b a s i s  o f  28 specim ens from  
th r e e  l o c a l i t i e s  n e a r  S a n ta  C a ta r in a .  He c h a r a c te r iz e d  th e  s p e c ie s  as 
fo llo w s : " . . . s i m i l a r  in  c o lo r  to  Dipodomys p e n in s u l a r i s  pedionom us, b u t  i t
i s  s m a lle r  and h as  s m a l le r  e a r s .  C r a n ia l ly ,  i t  i s  w id e ly  d iv e rg e n t ,  w ith  
s m a l le r ,  p r o p o r t io n a l ly  f l a t t e r ,  more i n f l a t e d  b u l l a e  and w ith  s l i g h t l y  more 
a n g u la r  and more w id e ly  sp re a d in g  m a x il la ry  a r c h e s .  T h is l a t t e r  c h a r a c te r  
i s  p ro m in en t and p la c e s  t h i s  s p e c ie s  v e ry  n e a r  to  th e  b ro a d -fa c e d  group o f 
kangaroo  r a t s .  Compared w ith  Dipodomys a g i l i s  p l e c t i l i s , 2 -  p a r a l iu s  i s  
l i g h t e r  i n  d o r s a l  c o lo r a t io n  and s m a l le r  i n  s i z e ,  and f u r th e r  d i f f e r s  in  
th e  c r a n i a l  c h a r a c te r s  m en tioned  abo v e . The g e n e ra l  o u t l in e  o f th e  s k u l l  i s  
more n e a r ly  t h a t  o f  an e q u i l a t e r a l  t r i a n g l e  th a n  th a t  o f  an a c u te  t r i a n g l e .
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such  as c h a r a c te r i z e s  s im u la n s , D. p l e c t i l i s  and o th e r  members o f
th e  a g i l i s  g ro u p . However, p a r a l iu s  i s  n e a re r  to  th e  ]D. s im u la n s -p l e c t i l i s
ch a in  th an  i t  i s  to  th e  jD. p e n in s u la r i s  group and i t  i s  b e s t  l e f t  under th e  
a g i l i s  s e r i e s . "  S tock  (1974) d id  n o t exam ine t h i s  s p e c ie s  k a r y o ty p ic a l ly ,  
b u t  cou ld  n o t  d i s t i n g u i s h  betw een specim ens o f  D^ . p a r a l iu s  and D. a g i l i s  by 
v i s u a l  in s p e c t io n  (n o r can I ) . My a n a ly se s  group p a r a l iu s  (OTU 8) 
c o n s i s ta n t ly  w ith  th e  OTUs r e p re s e n t in g  a g i l i s , and p a r t i c u l a r l y  c lo se  to  
OTUs 4 (2« a g i l i s  s im u lan s)  and 5 ( ^ .  a g i l i s  p l e c t i l i s ) . B acu la r m easurem ents 
(B e s t,  1976W a l s o  i n d i c a t e  a  c lo s e  p h e n e t ic  a f f i n i t y  w ith  n earby  p o p u la t io n s .
I  su g g e s t t h a t  p a r a l iu s  Huey, 1951 be in c lu d e d  as a  p o p u la tio n  o f  D^. a g i l i s  
p l e c t i l i s  Huey, 1951.
Based upon e ig h t  specim ens JD» a n t iq u a r iu s  was d e s c r ib e d  as "very  
c lo s e ly  r e l a t e d "  to  s te p h e n s i  (Huey, 1962 ), Lackey (1967) exam ined 
specim ens o f  ID. a n t iq u a r iu s  and p o s tu la te d  t h a t  th e  s p e c ie s  i s  more re a so n a b ly  
p la c e d  in  th e  n a rro w -fa c e d  group th an  th e  b ro a d -fa c e d  g ro u p . He c o n s id e re d  
2» a n t iq u a r iu s  c l o s e r  to  E[. p e n in s u la r i s  th an  2» s te p h e n s i  and p o in te d  o u t 
t h a t  h i s  sam ples o f  2* a n t iq u a r iu s  and fo u r  su b sp e c ie s  o f  2* p e n in s u la r i s  
showed no im p o rta n t d i f f e r e n c e s  in  th e  10 c h a r a c te r s  he s tu d ie d  (se e  T ab le 3 
o f  L ackey, 1 967 ). He a l s o  n o te d  th a t  2 -  a n t iq u a r iu s  d i f f e r e d  more from  2* 
a g i l i s  in  i n f l a t i o n  o f  a u d i to ry  b u l la e  th a n  from  2« p e n i n s u l a r i s . S tock  
(1974) th e o r iz e d  t h a t  2* a n t iq u a r iu s  was a s u b sp e c ie s  o f  2* a g i l i s . I  
have exam ined th e  22 specim ens o f  2* a n t iq u a r iu s  and am n o t  a b le  to  d i s t i n g u i s h
them from 2* a g i l i s  pedionomus o r  2* p e n in s u la r i s  from  nearb y  l o c a l i t i e s .
In  a d d i t io n ,  none o f  th e  a n a ly se s  p re s e n te d  h e r e in  s i g n i f i c a n t l y  d i f f e r e n t i a t e s  
2» a n t iq u a r iu s  (OTU 9) from  th e  o th e r  non-2* g ra v ip e s  OTUs. I  su g g e s t th a t  
2" a n t iq u a r iu s  i s  a  p o p u la tio n  o f  2* a g i l i s  pedionom us, fo llo w in g  Huey' s
(1951) l i s t i n g  o f  s i x  specim ens from  San B o rja s  M iss io n .
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FIGURES
FIG. 1 .  Map showing th e  11 l o c a l i t i e s  w here specim ens w ere tak en  fo r
t h i s  s tu d y . Note t h a t  specim ens from two o f th e  lo c a t io n s  w ere d iv id e d  in to  
two OTUs eac h . The num era l i d e n t i f i c a t i o n  co rresp o n d s  to  th e  OTU numbers 
l i s t e d  in  T ab le 1 . W ith th e  e x c e p tio n s  o f  OTUs 12 and 13 , w hich a re  in  th e  
T e r r i t o r io  de B a ja  C a l i f o r n ia  d e l  S u r, a l l  l o c a l i t i e s  w ere in  th e  s t a t e  o f 












.FIG . 2 .  S k e le ta l  e lem en ts  o f Dipodomys g ra v ip e s  (TLB 6072Ç)
i l l u s t r a t i n g  th e  37 s k e l e t a l  m easurem ents ta k e n . A, s k u l l ,  d o r s a l  v iew ; B, 
s k u l l ,  v e n t r a l  v iew ; C, s k u l l ,  l a t e r a l  v iew ; D, m and ib le , l a t e r a l  v iew ; E , 
r a d iu s ,  l a t e r a l  v iew ; F , u ln a ,  l a t e r a l  v iew ; G, hum erus, a n t e r io r  v iew ; H, 
c l a v i c l e ,  a n t e r io r  v iew ; I ,  s c a p u la ,  d o r s a l  and l a t e r a l  v iew s; J ,  t i b i a ,  
p o s te r i o r  v iew ; K, fem ur, p o s te r io r  v iew ; L , p e l v ic ,  l a t e r a l  v iew ; M, p e lv ic  













FIG. 3 .  Dendrograms c o n s tru c te d  from  d is ta n c e  m a tr ic e s  c a lc u la te d
from 42 s k in  and s k e l e t a l  c h a ra c te r s  o f  B a ja  C a l i f o r n ia  kangaroo  r a t s  
(D ipodom ys). A. 17 specim ens from 2 m i. E C o lo n ia  G u erre ro  (1 specim en) 
and 8 .5  m i. N San Q u in tin  (1 6 ) .  B. 41 specim ens from  6 m i. E E l R o sa r io . 
Specimen numbers in  th e  f ig u r e s  r e f e r  to  my o r i g i n a l  f i e l d  num bers. The 
c o p h e n e tic  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  a re  g iv e n .
20
DISTANCE
2.5 2.0 1.5 1.0 0.5 0.0




































































FIG. 4 .  Phenograms c o n s tru c te d  from, th e  m a tr ic e s  o f  c o r r e l a t i o n  o f
th e  19 s e le c te d  m ale (A) and fem ale (B) s k in  and s k e l e t a l  c h a ra c te r s  
m easured f o r  B aja  C a l i f o r n ia  Dipodomys. The h ig h  c o p h e n e tic  c o r r e la t io n  
c o e f f i c i e n t s  ( r )  in d i c a te  v e ry  l i t t l e  d i s t o r t i o n  in  th e  dendrogram s. 
I d e n t i f i c a t i o n  numbers r e f e r  to  th e  l i s t  o f  c h a ra c te r s  p re s e n te d  in  T ab le 2 .
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FIG. 5 .  Phenograms c o n s tru c te d  from c o r r e l a t i o n  and d is ta n c e  m a tr ic e s
f o r  m ale (A and C, r e s p e c t iv e ly )  and fem ale  (B and D, r e s p e c t iv e ly )  kangaroo 
r a t s  from B a ja  C a l i f o r n ia .  C lu s te r s  w ere o b ta in e d  u s in g  th e  UPGMA. Accuracy 
o f  th e  d iagram s in  d e p ic t in g  in te r p o p u la t io n  r e l a t io n s h ip s  in c r e a s e s  from 
l e f t  to  r i g h t .  Numeral i d e n t i f i c a t i o n s  a re  th e  same as l i s t e d  in  T ab le  1 .
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FIG. 6 .  T h ree -d im en s io n a l p r o je c t io n  o f  OTUs onto  th e  f i r s t  th r e e
p r in c i p a l  component axes o f  v a r i a t i o n  in  th e  m a tr ix  o f  c o r r e la t io n s  o f  19 
s k in  and s k e l e t a l  c h a r a c te r s  o f  m ale (A) and fem ale (B) Dipodomys from B aja  
C a l i f o r n ia .  The s h o r t e s t  s im p ly -co n n ec ted  n e tw o rk , d e r iv e d  from th e  m a tr ix  
o f  d is ta n c e  c o e f f i c i e n t s  f o r  th e  same c h a r a c te r s ,  i s  superim posed  on th e  
p r in c i p a l  component sp ace  to  in d i c a te  w here p o s s ib le  d i s t o r t i o n  may be 
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TABLE 1 .  S k e le ta l  sam ples o f kangaroo  r a t s  from  B a ja  C a l i f o r n ia





C o lle c t in g
L o c a l i t i e s




V a lle  d e  T r in id a d 9 13
1 TRINIDAD 4 m i, S V a lle  de  T r in id a d 10 15
W end V a lle  de T r in id a d 1 -----
2 m i. E C o lon ia  G u erre ro 1
2 ESCOAGIL 8 .5  m i. N San Q u in tin 1 -----
3 ESCOGRAV 8 .5  m i. N San Q u in tin 8 7
4 SOCORRO 12 m i. N E l R o sa rio 2 2
5 ROSAAGIL 6 m i. E E l R o sa rio 3 4
6 ROSAGRAV 6 m i. E E l R o sa rio 17 17
7 AGUSTINE San A g u stin e 19 13
8 CATARINA S an ta  C a ta r in a  L anding 7 3
9 SANBORJA M iss io n  de  San B o r ja s 8 5
10 ELBARRIL 7 m i. W San F ra n c is q u i to  Bay 2 -----
11 R. ALEGRE 2 .5  m i. W M e sq u ita l 18 17
12 IGNACIO 10 m i. E San Ig n a c io 11 9
13 REFUGIO 4 .5  m l. N E l R efug io 24 19
T o ta l 141 124
25
TABLE 2* Secondary sexual dltnorphlam In s ire  In 42 skin and sk e le ta l characters of 




 C haracter-state  Means-'_______
d'rf'(£-13,N-141) J 9 (G»U,N=.124)
Analysis o f Variance




T all length 3





M axillary Arch Spread 8
In te ro rb ita l  width 9
Nasal length 10
Interm axillary width 11
Alveolar length 12
Lacrimal length 13
Maxillary Arch Spread 14
B aslocclp ltal length IS
G reatest depth 16









Humerus d is ta l  width 25
Humerus proximal width 26




T ibia length 31
Tibia d is ta l  width 32
T ibia proximal width 33
Femur length 34















































































































































Femur proximal width 36 3.17 3.12 1,261 1.636
Pelvis length 37 31.97 31.38 1,263 3.335
Pelvis depth 38 11.86 10.93 1,263 48.106**
Pelvic Foramen length 39 9.61 9.85 1,263 4.958*
Pelvic Foramen width 40 3.82 3.66 1,263 7.702**
Width Fused Vertebrae 41 9.76 9.45 1,257 6.845**
Number Fused Vertebrae 42 4.84 4.77 1,260 1.628
^SlQgle~cXas8lflcatlon aca lysia  o£ variance» sexes compared pairwise for each character#
^U n io a lly  s ig n ific a n t sexual dimorphism assumed where P^O.05 (one a s te r isk ) ; two a ste risk s Indicates 
PfO.Ol.
^Dimensions in  mm; G ■ number o f lo c a l it ie s ;  N *• number o f specimens#
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TABLE 3. InterOTU vnrlnClon In A2 skin and ske le ta l characters In Bala California
kangaroo ra ts  (Dlpodoirys).^







Skull and Mandible 
Basal length
Greatest length 
Maxillary Arch Spread 8
In te ro rb ita l width 9
Nasal length 10
Interm axillary width 11
Alveolar length 12
Lacrimal length 13
Maxillary Arch Spread 14
B asioccipital length IS
Greatest depth 16




















3 3  
9 9 
3  3  
9 9 
3 3 
9 9  
3 3  
9 9 
3 3  
9 9 




3 3  
9 9 
3 3  
9 9 
3 3  
9 9 
3 3  
9 9 
3 3  
9 9 
3 3  
9 9  
3  3  
9 9
3 3  
9 9 










































































































Tibia d is ta l  width 
Tibia proximal vldtl 
Fenur length 
Femur d is ta l  width 
Femur proximal wldt! 
Pelvis length 
Pelvis depth
25 (f<f 12,128 47.204
;  $ 10,112 53.187
26 S S 12,128 29.925
? ? 10,112 31.213
27 S S 12,127 23.533
? Î 10,113 28.770
28 S 3 11,102 15.759
9 9 10, 97 12.451
29 S S 11,107 19.463
9 9 10,103 22.173
30 S 3 11,122 13.505
? 9 10,109 13.283
31 S S 12,125 46.435
9 9 10,110 61.515
32 S S 12,128 29.134
9 9 10,112 23.759
33 S S 12,128 23.491
9 9 10,113 30.627
34 S S 12,128 44.682
9 9 10,112 21.019
35 S S 12,128 39.921
9 9 10,113 53.052
36 S 3 12,127 7.836
9 9 10,112 10.113
37 S S 12,128 31.560
9 9 10,113 35.887
38 3 3 12,128 32.874
9 9 10,113 27.420
39 S 3 12,128 32.434
9 9 10,113 36.990
40 12,128 18.724
9 9 10,113 23.499
41 10,123 39.768
9 9 10,112 34.714
42 11,125 1.590
9 9 10,113 1.034
^S ln g le -c lasslfica tlo n  analysis of variance.
^S ignificant in terpopulation heterogeneity ig indicated by an F -ra tlo  exceeding 
2.040.
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TABLl *• V aria tion  lt\ mean# of 19 akin and aV alatal c h a r a e t a f  in  Baja C a lifo rn ia  kannaroo r a f  > 
S ta C la tle a lly  hotnoffnenua atibaeca drrivcH frnn  RR-CTP an a ly a la  a ra  mhovn by lin e #  belov 
th a  Oni nnmhara and ranked maana.
Character No. Sex R aa u lti o f  SS-STP A nalyala
T a ti  leog tb  3 J  f  13 6 10 12 11 3 7 8 9 1 5
181.14 179.94 179.50 176.00 174.00 173.71 168.23 167.00 167.00 164.94 162.67
0 o 6 23 9 3 11 12 7 5 1 8
180.42 179.86 173.80 172.40 170.11 167.50 167.03 165.50 165.10 159.50
Hlsd Foot leng th 4 f f  6 3 12 13 11 9 5 7 1 8 4  2 10
45.47  44.50 44.36 44.17 43 .17  43.13 43 .00  42.63 41 .90 41.71 4 1 .50  41 .50  41.00
g o  6 3 12 13 7 9 11 4 8 5 1
44.65 43.57 43.44 43.26 42.62 42.40 42.18 42.00 41.67 41 .50  41 .50
Ear len g th  5 11 12 10 13 9 7 1 4 5 8 2 6 3
28.83 13.36 18.00 17.88 17.50 17.05 17.05 17.00 17.00 16.86 16.50 15.82 15.50
2 2  11 9 12 X3 7 5 4 8 1 6 3
13.47 18.20 17.67 17.63 17.31 17.25 17.00 17.00 16.96 16.12 15.43
GcaatasC leng th  s k u ll 7 6 11 13 12 9 3 5 7 2 10 1 8 4
42.51 40.85 40.16 39.97 39.89 39.53 39.47 39.39 39.25 38.80 38 .80  38.40 38.00
2 2  6 I I  13 9 7 5  12 8 1 4 3
41.75 40.06 40.02 39.52 39.27 39.22 39.10 38.40 38.05 37.80 36.63
lo t a r o r b l t a l  w idth 9 H  « 11 2 12 3 9 10 7 13 1 8 3 4
11.01 10.92 10.90 10.74 10.67 10.65 10.55 10.53 10.47 10.43 10.24 10.20 10.15
o o  « 11 7 9 3 5 13 1 12 4 8
11.10 10.79 10.73 10.68 10.67 10.60 10.47 10.39 10.33 10.30 10.30
> « la l leng th 10 6 12 9 11 13 3 7 2 3 8 1 10 4
13.19 14.44 14.41 14.41 14.37 14.06 14.05 13.90 13.87 13.80 13.70 13.53 13.30
0 0  8 9  13 12 3 7 1 1 1  3 4 8
14.83 14.22 14.21 14.17 14.10 14.08 14.08 13.82 13.80 13.63 13.60
I n e a n u e ltU n r  « M th  11 f  f  6 11 3 10 9 13 12 7 1 2 3 8 4
8.00  7.88 7.83 7.63 7.65 7.61  7.48 7 .46  7.37 7.33 7 .23  7 .23  7 .10
o o 6 3  11 7 9  13 3 12 8 1 4
*  8 .02 7.82 7.65 7 .62 7 .62 7.58  7 .43  7.44 7.40  7 .36  7.120
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Table 4 Continued
A lv ao lir  liogch  12 3 6 7 11 U  2 S A 12 10 )  1 >
5.41  5.41 5.15 5.11 5 .10 5 .05  4 .90  4 .90  4 .57  4.55  4 .51  4 .50  4 .77
o o  6 7 5  13 5 11 9 1 5 4 12
^  5 .35 5 .29  5.26 3.02 5 .00 4 .95  4 .96  4 .93  4 .57  4 ,55  4.64
S u lc c c lp lc a l  leng th  15 6 3 2 11 13 9 5 7 1 12 5 10 4
6 .35 5 ,91  5.50  5 .73 5 .64  5 .56  5.53 5.50  5 .45  5.47  5.47  5 .30  5 .10
o o 6 3 13 9 5 11 7 5 1 12 4
*  6 .20  5.54 5 .64  5.56 5 .53 5 .45  5.46 5.45 5 .32  5 .26  3.25
C re icea t depth i lm l l  16 6 13 11 9 12 5 2 3 10 7 1 4  S
14.02 13.73 13.72 13.56 13.39 13.37 13.35 13.32 13.30 13.29 13.15 13.05 12.56
o o  6 13 11 7 3 S 12 5 9 1 4
13.96 13.64 13.55 13.47 13.44 13.17 13.16 13.12 13.12 13.05 12.75
C ree te i t  v id th  efcull 17 6 11 10 13 9 12 3 5 7 1 2 S 4
26.66 26.09 25.60 25.77 25.63 25.22 25.09 24.80 24.77 24.51 24.45 23.56 23.80
0 0  6 1 3 .  11 3 9 7 12 5 1 8 4
26.13 25.55 25.44 25.13 25.10 24.86 24.60 24.52 24.33 24.27 23.90
Heeml w idth 19 6 11 9 3 5 13 7 4 12 1 10 2 8
3 .99  3.93 3.91 3.79 3 .70  3 .66  3.65 3 .60  3 .60  3 .60  3 .50 3 .45 3 .37
o o  6 11 3 1 3 4  5 7 1 9 12 8
3 .93  3 .75 3.73 3.67 3 .65 3.62  3.59  3.58 3 .57  3,36  3.33
Dîne len g th  23 6 3 11 13 9 5 4 7 12 2 8 1 10
24.36 23.34 22.25 22.07 21.87 21.57 21.45 21.45 21.37 21.35 21.01 20.95 20.65
o  0 6 3  13 11 4 5 8 9 7 1  12
23.72 23.33 21.62 21.61 21.40 21.35 21.20 21.10 21.07 20.76 20.51
aeepnle w idth  28 f  f  6 3 11 13 4 7 5 9 12 2 1 i
9.35 8.92 8.64 8.43 8 .00 7.91 7.90  7.86  7.54  7 .80  7 .59  7.57
0 6  6 3  11 1 3 4 8 9 1 7 3  12
*  1 .88 8 .73 8.28 8.26 8 .00  7 .80  7.75  7.71  7.67  7 .50  7.3:31
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Table 4 Continued
:c«pul«  d tp th  W  f f  « 3 11 13 :  9 2 12 * 7 1 #
3 .1 )  3.01 2.78 2.76 2.73 2.69 2.63 2.63 2.60 2.60 2 .36  2.41
j j  6 3  13 11 4 5  12 9 7 1 8
3.10 3.00 2.77 2.76 2.70 2.63 2.64 2.82 2.60 2.37 2.35
Fcaur proximal v ld th  36 6 11 3 13 5 10 9 7 2 12 4 8 1
3.47 3.35 3.29 3.25 3.13 3 .10  3.07 3.06  3.05 3.03  2 ,95  2.93  2.92
2  2  6 3 13 11 9 7 4 12 8 5 1
3.36 3.27 3 .21 3.19 3.12 3.08  3.05 3.03 3.00  2.95 2 .94
P # lv ü  d tp th  38 f  f  6 11 13 3 5 12 9 10 2 7 8 1 4
13.85 12.56 12.23 12.16 11.63 11.56 11.56 11.55 11.20 11.14 10.67 10.60 10.25
0 0  6 3  U  13 7 9  9 12 8 4 1
12.58 12.03 11.22 11.05 10.49 10.42 10.38 10.34 10.33 10.30 10.07
P tlv ic  Forcaea v ld th  40 6 3 2 11 13 12 10 9 5 7 8 1 4
4 .54  4.37 3.95 3.83 3.82 3.75 3.70 3 .70  3.63 3.62 3 .44  3 .42  3 .40
0 0  6 3  13 11 12 9 7 8 1 4 5
4.37 4.21 3.73 3.72 3.70 3 .50  3.42 3 .40 3.29 3.25 3 .12
Vumber Fustd V e tt tb ra t  42 2 4 5 6 13 12 11 3 8 7 9 1
5.00 5.00 5.00 4.94  4 .92 4.91 6 .89  4.88 4.86  4 .63 4 .63  4 .58
0 0  5 6 1 3 7 12 8 11 9 13 4
5.00 4 .94 4.66 4 .86 4.85  4.78  4.67 4.65 4.60  4.56 4 .50
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TABLES. C haracter londlnRS -^ o f tlie f i r s t  th re e  p r in c ip a l  
conponenta of InterOTU p henetlc  v a r ia tio n  ang.ns 
19 se le c te d  c h a ra c te rs .
Char. 
No.2 Sex
P r in c ip a l Components
I I I I I I
3 .629 -.2 9 4 .604
.827 -.3 5 4 .311
4 .837 .033 -.1 7 6
.833 -.0 6 2 .158
5 (?(? -.212 -.9 2 3 .158
-.426 - .8 5 2 .003
7 <?(? .931 -.2 0 3 -.1 3 2
.496 - .7 2 8 -.2 9 1
9 g  g .743 -.2 0 7 -.0 3 5
« ? .847 -.1 5 2 -.3 6 6
10 g g .869 -.1 9 6 -.2 3 8
? s .870 -.3 4 8 -.0 9 7
11 .894 -.2 0 7 —.026
? ? .948
-.0 4 5 - .1 7 8
12 f  g .823 .426 .123
? s .768 .287
-.3 0 0
IS g  g .861 .267 —.168
? ? .925
.130 -.0 7 3
16 g  g .890 - .3 2 5 -.0 3 3
?  ? .876
-.2 4 0 -.1 7 6
17 g g .844 -.4 7 2 .058
ï  î .910 -.3 7 6 -.0 4 1
19 g  g .791 -.1 4 0 -.3 8 0
%%
.802 .029 .034
23 g g .915 .330 -.1 1 4
î  ? .891 .390 .099
28 g g .941 .166 .199
?  ? .858 .250 .328
30 g g .932 .253 .007
%% .892 .157 .161
36 g g .951 -.0 1 0 .142
%'i .940 —.060 .288
38 g  g .970 - .1 1 4 .076
% % .962 .177 .078
40 g g .908 .303 .097
S ? .900 .087 .191
42 g g .134 .205 .887
« $ .300 .373 -.8 2 6
T ota l^ f  f 68.1 10.8 6 .2
S 9 67.9 11.8 7 .6
C o rre la tio n : of lo c a lity  mean values (n f  "13; n g ÿ “ 11) 
of individual characters w ith the component axea. 
C h arac te r numbers correspond to  the l i s t  of characters 
in  Table 2 .
P e rc e n t of to ta l phonetic variance explained.
PAPER I I
B a c u la r  V a r ia t io n  in  K angaroo R ats  (Genus Dipodomys) 
o f  th e  heerm anni Group in  B a ja  C a l i f o r n ia ,  Mexico
TROY L . BEST
D epartm ent o f  Zoology and S to v a l l  Museum o f S cien ce  and H is to r y ,
The U n iv e r s i ty  o f Oklahoma, Norman 73019 (P re s e n t  a d d re s s  :
N a tu ra l  S c ie n ces  R esearch  I n s t i t u t e , N a tu ra l  H is to ry  Museum,
E a s te rn  New M exico U n iv e r s i t y , P o r ta l e s  88130)
ABSTRACT: V a r ia t io n  in  k angaroo  r a t  (Dipodomys) b a c u la  was
e v a lu a te d  u s in g  124 specim ens c o l l e c t e d  from  11 l o c a l i t i e s  i n  B a ja  
C a l i f o r n ia ,  M exico. T here was s i g n i f i c a n t  i n t e r l o c a l i t y  v a r i a t i o n  
in  th e  th r e e  c h a r a c te r s  a n a ly z e d . OTUs com prised o f  p o p u la t io n s  
o f  g ra v ip e s  w ere r e a d i ly  s e p a ra b le  from th e  o th e r  ta x a .
Com parisons o f  s i m i l a r i t y  m a tr ic e s  b a sed  upon b a c u la r  c h a r a c te r s  
w ith  th o s e  o f  v a r io u s  s e t s  o f  s k in  and s k e l e t a l  c h a r a c te r s  y ie ld e d  
h ig h  c o r r e l a t i o n s  w ith  p o s t - c r a n i a l  s k e l e t a l  c h a r a c te r s .  B a c u la r  
le n g th  had a  s i g n i f i c a n t  l i n e a r  c o r r e l a t i o n  w ith  body le n g th .
INTRODUCTION
Kangaroo r a t s  (genus Dipodomys) o f  th e  heerm anni group o c c u r  th ro u g h o u t 
much o f  th e  p e n in s u la  o f  B aja  C a l i f o r n i a ,  M exico (Huey, 1951; H a ll  and K e lso n , 
1959; L ackey , 1967; B e s t,  19 7 6 ^ ). They occupy v a r io u s  h a b i t a t s  in c lu d in g  th e  
c h a p a r r a l  and c a c tu s  covered  s lo p e s  o f  th e  n o r th  and c e n t r a l  r e g io n s ,  and th e
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b a r re n  d e s e r t s  to  th e  so u th  (Huey, 1 9 5 1 ). S tu d ie s  o f  th e  b a c u la  o f  th e s e  and 
o th e r  form s o f  Dipodomys have r e c e n t ly  been  sum m arized by B es t and S c h n e ll 
(1 9 7 4 ), who s tu d ie d  20 o f  th e  23 s p e c ie s ,  in c lu d in g  Dipodomys a g i l i s , D. 
p e n i n s u l a r i s , and g ra v ip e s  from B a ja  C a l i f o r n ia .  The p r e s e n t  s tu d y  
in c lu d e s  th e  l a t t e r  th r e e  s p e c ie s  as w e ll  as  D^ . a n t iq u a r iu s  and p a r a l iu s  
(=2« a g i l i s  pedionomus and jO. a g i l i s  p l e c t i l i s , r e s p e c t iv e ly ,  se e  B e s t ,  1976W 
Of th e  B a ja  C a l i f o r n ia  s p e c ie s  on ly  b a c u la  o f  i n s u l a r i s  rem ain  to  be 
exam ined.
B est and S c h n e l l  (1974) p o in te d  o u t th e  p o s s ib le  e f f e c t s  o f  g e o g ra p h ic  
v a r i a t i o n  upon i n t e r s p e c i f i c  b a c u la r  co m p ariso n s . Such v a r i a t i o n  in  b a c u la  
h as n o t been  c o n s id e re d  in  d e t a i l ,  b u t  t h e i r  s u b je c t iv e  a n a ly s i s  o f  l im i te d  
d a ta  in d ic a te d  t h a t  s in c e  d i f f e r e n c e s  betw een  s p e c ie s  a re  c o n s id e ra b ly  
g r e a t e r  th a n  w i th in ,  th e  s i m i l a r i t y  v a lu e s  th ey  found betw een s p e c ie s  
p ro b ab ly  w ould n o t  be  changed by more d e t a i l e d  sam p lin g . In  th e  p r e s e n t  
s tu d y  I  have an a ly zed  b a c u la r  m easurem ents f o r  a  group o f  c lo s e ly  r e l a t e d  
ta x a ,  th e  heerm anni group o f  kangaroo  r a t s  in  B a ja  C a l i f o r n ia ,  M exico , to  
d e te rm in e  th e :  (1 ) d eg ree  o f  i n t e r l o c a l i t y  v a r i a t i o n  in  b a c u la r  m easurem en ts;
(2) p a t t e r n s  o f  v a r i a t i o n  in  b a c u la ;  (3) p h e n e t ic  a f f i n i t i e s  o f  p o p u la tio n s  
in  B a ja  C a l i f o r n ia  b ased  upon b a c u la r  m easurem en ts; and (4) r e l a t i o n s h ip s  
betw een v a r i a t i o n  o b serv ed  in  s k in  and s k e l e t a l  m easurem ents, and b a c u la r  
m easu rem en ts .
MATERIALS AND METHODS
D uring th e  summer o f  1972, b a c u la  w ere c o l le c te d  from  k angaroo  r a t s  as 
th ey  w ere p re p a re d  in t o  museum s tu d y  sp ec im en s . B acu la  w ere a llo w ed  to  dry  
in  s m a ll v i a l s  and upon r e tu r n in g  to  th e  la b o ra to r y  w ere p re p a re d  and s to r e d  
in  g ly c e r in  fo llo w in g  L id ic k e r 's  (1960) m ethod . B acu la r le n g th ,  h e i g h t ,  and 
w id th  w ere m easured  as  d e s c r ib e d  by B es t and S c h n e ll  (1 9 7 4 ). Each specim en
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was aged a c c o rd in g  to  t h e i r  fo u r  c r a n i a l  c r i t e r i a ,  and o n ly  d a ta  from  f u l l y  
a d u l t  m ales a re  p r e s e n te d .
The 124 specim ens w ere c o l le c te d  from 11 l o c a l i t i e s  in  B a ja  C a l i f o r n ia  
(F ig . 1 , T ab le  1 ) .  At two of th e s e  c o l l e c t in g  s i t e s ,  two ta x a  o f  kangaroo
r a t s  o f  th e  heerm anni group o ccu r s y m p a tr ic a l ly  2 -  g ra v ip e s  and ]D. a g i l i s
(F ig . 1 and T ab le  1 , N os. 2 ,3  and 5 ,6 ) .  I  d iv id e d  th e se  sam ples in t o  two 
O p e ra tio n a l Taxonomic U n its  (OTUs), f o r  a  t o t a l  o f  13 OTUs. C u rren t 
taxonom ic d e s ig n a t io n s  (B e s t,  1976^) a r e  as fo llo w s : (OTU 1) 2 -  a g i l i s  
m a r t i r e n s i s ; (2) 2* a g i l i s  s im u la n s ; (3) 2* g r a v ip e s ; (4) 2* a g i l i s  s im u la n s ; 
(5) 2* a g i l i s  p l e c t i l i s ; (6) 2* g r a v ip e s ; (7) 2* a g i l i s  pedionom us; (8 ) 2* 
a g i l i s  p l e c t i l i s ; (9) D. a g i l i s  pedionom us; (10) 2* a g i l i s  erem oecus; (11) 
and (12) 2* a g i l i s  p e n i n s u l a r i s ; and (13) 2* a g i l i s  a u s t r a l i s . B e s t (19762) 
found th a t  o n ly  2* g ra v ip e s  was r e a d i ly  s e p a ra b le  from th e  o th e r  ta x a  u s in g
s k in  and s k e l e t a l  c h a r a c te r s .  The o th e r  p re v io u s ly  reco g n ized  s p e c ie s -----
a g i l i s , a n t iq u a r iu s , p a r a l i u s , and p e n i n s u l a r i s  w ere n o t d i s t in g u is h a b le
on m orpho log ic  grounds (B e s t,  19762).
Mean and s ta n d a rd  d e v ia t io n  w ere c a lc u la te d  f o r  each  c h a r a c te r  from 
each  OTU (T ab le  1 ) .  I  t e s t e d  i n t e r l o c a l i t y  h e te ro g e n e i ty  o f each  c h a r a c te r  
w ith  a  one-way a n a ly s i s  o f  v a r ia n c e ,  and u sed  a sums of sq u a re s  s im u ltan e o u s  
t e s t  p ro c e d u re  (SS-STP; G a b r ie l  and S o k a l, 1969) to  d e te rm in e  th e  m axim ally  
n o n - s ig n i f i c a n t  s u b s e ts .  C o r r e la t io n  and d is ta n c e  m a tr ic e s  (S n ea th  and S o k a l, 
1973) w ere computed from  th e  s ta n d a rd iz e d  l o c a l i t y  means f o r  each  OTU.
C lu s te r s  o f  OTUs w ere o b ta in e d  w ith  th e  unw eigh ted  p a ir -g ro u p  m ethod u s in g  
a r i th m e t ic  av e rag es  (UPGMA). F u r th e r  e x p la n a tio n  o f th e se  te c h n iq u e s  
(S n ea th  and S o k a l, 1 973 ), p lu s  th e  r a t i o n a l e  f o r  th e  use o f  o n ly  th r e e  
c h a r a c te r s  i n  b a c u la r  s tu d ie s  a re  g iv e n  e lsew h ere  (B est and S c h n e l l ,  1974).
For com parisons o f b a c u la r  m easurem ents w ith  o th e r  m orpho log ic  d a ta  
s e t s  I  a l s o  computed c o r r e l a t i o n s  and d is ta n c e s  from th e  s ta n d a rd iz e d  OTU
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means fo r  each  m orpho log ic  d a ta  s e t .  These in c lu d e d  th e  fo llo w in g  s e t s ;
21 s k in ,  s k u l l ,  and m an d ib u la r c h a ra c te r s  (SKIN+SKULL/CORR and DIST); 21 
p o s t - c r a n i a l  s k e l e t a l  c h a ra c te r s  (P-CRAN SKEL/CORE. and DIST); 42 s k in  and 
s k e l e t a l  c h a ra c te r s  (42 CHAR/COPE, and DIST); and th e  19 " s e le c te d "  c h a ra c te r s  
from B e s t,  197&b (SEL CHAR/CORR and DIST). D e s c r ip tio n s  o f  each  c h a ra c te r  
(B e s t,  1976W , as  w e ll  as  sam ple s i z e ,  mean and s ta n d a rd  d e v ia t io n  f o r  each 
OTU (Appendix I ,  B e s t ,  1976^) a re  p re se n te d  e lse w h e re . A nalyses w ere 
perform ed on th e  IBM 360 com puter a t  th e  U n iv e rs i ty  o f  Oklahoma Com putation 
C en ter u s in g  UNIVAR (Pow er, 1969) and NT-SYS (R o h lf , e t  a l . ,  1972).
RESULTS AND DISCUSSION
T here i s  s i g n i f i c a n t  in te r p o p u la t io n  h e te ro g e n e i ty  in  a l l  th r e e  o f th e  
b a c u la r  c h a ra c te r s  (L en g th , jF=86.0, d .f .= 1 2 ,1 1 0 ; W id th , ^ = 3 .9 , d . f . = 2 1 , l l l ;  
H e ig h t, F = 6 .9 , d . f .= 1 2 ,1 1 1 ) . B acu la r le n g th  v a ry s  more th a n  e i t h e r  b a c u la r  
w id th  o r  h e ig h t  as shown by th e  F y r a t io s .  Most o f  t h i s  le n g th  v a r i a t io n  
r e s u l t s  from  th e  d i f f e r e n c e  betw een g ra v ip e s  and th e  rem ain ing  ta x a  
(T ab le  1 ) .  T ab le  2 shows th e  p a t te r n  o f  v a r i a t i o n  in  means o f  th e  th re e  
b a c u la r  m easurem ents. OTUs 3 and 6 (b o th  g ra v ip e s )  a re  s i g n i f i c a n t l y  
d i f f e r e n t  from  th e  rem ain ing  OTUs in  b a c u la r  le n g th ,  b u t n o t in  w id th  o r  
h e ig h t .  B a c u la r  h e ig h t  and w id th  m easurem ents f o r  ]D. g ra v ip e s  a re  w e ll  w ith in  
th e  range o f  means ob serv ed  f o r  th e  rem ain ing  OTUs. OTU 1 i s  o f medium le n g th  
b u t l a r g e s t  in  b o th  w id th  and h e ig h t  o f  b a c u la ;  a l s o  OTU 9 i s  one o f  th e  
l a r g e s t  in  a l l  m easurem ents.
D is t in c t  p a t t e r n s  o f  v a r i a t i o n  w ere n o t e v id e n t from  th e  SS-STP 
a n a ly se s  (T ab le  2 ) .  The on ly  n o n -o v e rla p p in g  homogeneous s u b s e t  was f o r
b a c u la r  le n g th  D. g ra v ip e s  was s i g n i f i c a n t l y  d i f f e r e n t  from th e  o th e r  OTUs.
B acu la r le n g th  co u ld  th u s  s e rv e  in  d i s t in g u is h in g  g ra v ip e s  from th e  o th e r  
ta x a . N otab ly  a b s e n t i n  th e  SS-STP a n a ly se s  o f b a c u la r  m easurem ents was n o r th
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to  so u th  o r  e a s t  to  w est c l i n a l  v a r i a t i o n .
The c o r r e l a t i o n  phenogram (F ig .  2A) c o n ta in s  an upper c l u s t e r ,  a  
m idd le c l u s t e r  made up o f th e  two g ra v ip e s  OTUs, and a low er c l u s t e r .
The d is ta n c e  phenogram (F ig . 2B) can be co n s id e re d  as two c l u s t e r s .  The 
low er c l u s t e r  c o n ta in s  OTUs 3 and 6 (b o th  D^ . g ra v ip e s )  and th e  upper 
c l u s t e r  in c lu d e s  th e  rem ain ing  OTUs. In  th e  l a t t e r ,  OTUs 1 and 9 a re  d i s t i n c t  
from th e  rem ain ing  members. Both a re  among th e  l a r g e s t  in  b a c u la r  w id th  and 
h e ig h t as in d ic a te d  by th e  SS-STP a n a ly s i s .
In  th e  th re e -d im e n s io n a l  p lo t  o f  b a c u la r  m easurem ents (F ig . 3) a  
c lo se  co rresp o n d en ce  to  th e  two p rim ary  c lu s t e r s  and s u b - c lu s te r s  i n  th e  
d is ta n c e  phenogram (F ig . 2B) i s  a p p a re n t .  I t  i s  c l e a r  th a t  th e  p h e n e t ic  
s e p a ra t io n  o f  g ra v ip e s  (OTUs 3 and 6) from th e  o th e r  OTUs i s  p r im a r i ly  
based  on b a c u la r  l e n g th ,  and th a t  th e re  i s  o v e rla p  in  b a c u la r  h e ig h t  and 
w id th  betw een a l l  th e  OTUs.
R e su lts  from  com parisons o f  b a c u la r  and o th e r  m orpho log ic  f e a tu r e s  
a re  p re s e n te d  in  T ab le  3 . A p e r f e c t  c o r r e l a t i o n  betw een a  d is ta n c e  and a  
c o r r e la t io n  m a tr ix  w ould eq u a l - 1 .0 ;  betw een two d is ta n c e  o r  two c o r r e l a t i o n  
m a tr ic e s ,  1 .0 .  The b a c u la r  c o r r e l a t i o n  m a tr ix  (BAC/CORR) i s  n o t  h ig h ly  
c o r r e la te d  w ith  any o f th e  o th e r  m a tr ic e s  b ased  on m orpho log ic  c h a r a c te r s .
In  c o n t r a s t ,  th e  d is ta n c e  m a tr ix  (BAC/DIST) has h ig h e r  lo a d in g s  f o r  a l l  
m a tr ix  co m p ariso n s, p a r t i c u l a r l y  th e  d is ta n c e  m a tr ic e s .  H ig h e s t v a lu e s  a re  
shown f o r  P-CRAN SKEL/DIST (0 .6 9 9 ) and 42 CHAR/DIST (0 .5 3 6 ) .  The c o r r e l a t i o n  
betw een BAC/CORR and BAC/DIST i s  - 0 .4 1 8 .  I  ex p ec ted  b a c u la  to  v a ry  i n  a  way 
s im i la r  to  o th e r  m orpho log ic  c h a r a c te r s ,  b u t  com parisons o f b a c u la r  and 
m orpholog ic  m a tr ic e s  d id  n o t  p roduce  la rg e  c o r r e l a t i o n  c o e f f i c i e n t s  (T ab le  3 ) . 
The s k i n - s k e l e t a l  d a ta  m a tr ic e s  had  v e ry  low c o r r e la t io n s  w ith  th e  b a c u la r  
c o r r e l a t i o n  m a tr ix  (BAC/CORR), b u t  t h e i r  c o r r e l a t i o n s  w ere much h ig h e r  when
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compared to  th e  b a c u la r  d is ta n c e  m a tr ix  (BAC/DIST). The m a tr ic e s  w ith  s k in  
and s k u l l  m easurem ents (SKIN+SKULL/CORR and DIST) w ere th e  l e a s t  c o r r e la te d  
w ith  BAC/DIST. These c h a r a c te r s  a re  v e ry  s im i la r  to  th o s e  used  in  many 
mammalian m orpho log ic  s t u d i e s .  The d is ta n c e  m a tr ix  f o r  p o s t - c r a n i a l  s k e l e t a l  
c h a ra c te r s  (P-CRAN SKEL/DIST) was m ost h ig h ly  c o r r e l a te d  w ith  BAC/DIST.
The c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .801  (P<0.01) betw een mean b a c u la r  
le n g th  and mean le n g th  o f  body f o r  each  o f  th e  13 OTUs in d i c a te s  a  v e ry  
c lo s e  r e l a t io n s h ip  betw een body s i z e  and b a c u la r  s i z e .  W ith in  th e  11 
a g i l i s  OTUs th e  c o r r e l a t i o n  c o e f f i c i e n t  I  c a lc u la te d  was a ls o  s i g n i f i c a n t  
(^= 0 .6 9 9 , ? < 0 .0 5 ) . T h is  i s  c o n tra ry  to  B e s t and S c h n e l l 's  (1974) c o n c lu s io n  
when they  compared phenogram s w ith  and w ith o u t body s i z e  c o n s id e re d . A 
l i n e a r  c o r r e l a t i o n  perfo rm ed  on t h e i r  d a ta  (b a c u la r  le n g th  v s .  body le n g th )  
was n o t s i g n i f i c a n t  ( r= 0 .3 4 0 , P > 0 .0 5 ), s u p p o r t in g  t h e i r  c o n c lu s io n s .
However, th e  c o r r e l a t i o n  v a lu e  i s  s i g n i f i c a n t  (^ = 0 .5 9 9 , P3D.05) i f  D^ . d e s e r t i  
and JO- n i t r a t o i d e s  a re  removed from t h e i r  d a ta  s e t .  I t  ap p ea rs  th a t  g e n e ra l ly  
in  Dipodomys th e r e  i s  a s i g n i f i c a n t  r e l a t io n s h ip  betw een b a c u la r  and body 
s i z e .  C e r ta in ly  t h i s  i s  t r u e  in  th e  B aja  C a l i f o r n ia  form s s tu d ie d  h e r e .
My d a ta  show s i g n i f i c a n t  v a r i a t i o n  in  b a c u la  o f  kangaroo  r a t s  o f  th e  
heerm anni group in  B a ja  C a l i f o r n ia .  In  a d d i t io n ,  g ra v ip e s  i s  w e l l
s e p a ra te d  from  th e  o th e r  ta x a  p r im a r i ly  on th e  b a s i s  o f  b a c u la r  le n g th .
F u r th e r  s tu d ie s  a r e  needed to  d e te rm in e  w hat ty p e  o f  v a r i a t i o n  i s  p r e s e n t  
in  o th e r  s p e c ie s  o f  Dipodomys.
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FIGURES
F ig .  1 .  Map o f  th e  11 l o c a l i t i e s  ( r e p re s e n te d  by d o ts )  in  B a ja
C a l i f o r n ia ,  M exico, w here kangaroo  r a t s  (Dipodomys) used  in  t h i s  s tu d y  w ere 
c o l le c te d .  F or two o f  th e  l o c a l i t i e s  specim ens w ere d iv id e d  in to  two OTUs 
( i . e . ,  2 and 3 ; 5 and 6 ) .  Numbers co rresp o n d  to  th e  OTU numbers and p r e c i s e  
lo c a t io n s  l i s t e d  in  T ab le  1 . E xcept f o r  12 and 13 , w hich a re  in  th e  
T e r r i t o r io  de B aja  C a l i f o r n ia  d e l  S u r, a l l  l o c a l i t i e s  a re  i n  th e  s t a t e  o f  












F ig . 2 .  C o r r e la t io n  (A) and d is ta n c e  (B) phenogram s in d ic a t in g
s i m i l a r i t i e s  betw een th e  13 OTUs o f  kangaroo  r a t s  (Dipodomys) from  B aja  
C a l i f o r n ia .  S i m i l a r i t i e s  w ere c a lc u la te d  on th e  b a s is  o f  th e  th r e e  mean 
b a c u la r  m easurem ents f o r  each  OTU. The unw eigh ted  p a ir -g ro u p  m ethod u s in g  
a r i th m e t ic  a v e ra g e s  (UPGMA) was used  in  c l u s t e r i n g .  The c o p h e n e tic  
c o r r e l a t i o n  c o e f f i c i e n t s  (_r) f o r  A and B in d i c a t e  t h a t  th e  phenogram s g iv e  





- 0 .5 0  -0 .2 5  0 .00  0 .25  0 .50  0.75 1.00
r r ~ | I I T T  I  I I I T  - |  r r  r r | - |  - i  r i |  r ~ r " i  r - ) - T  T T i - j














1 -  I  ■ I I I I < I I ! ■  I I  1 1 1 I I I I I 1 I I I I ) I I I I I I I 
r = 0.895 BAC-CORR
DISTANCE
3.0 2.5 2.0 1.5 1.0 0.5 0.0










r ^ - — 13 REFUGIO






Fig* 3 .  T h ree -d im en s io n a l p lo t  o f av erag e  b a c u la r  m easurem ents f o r
each o f th e  13 OTUs o f  kangaroo r a t s  (Dipodomys) from B aja  C a l i f o r n ia .  The 





TABLE I.— — OTU numbers, code names, collecting localities, and bacular measurements (mm) 








mean (n; sc. dev.)
WIDTH 
mean (n; st. dev.)
HEIGHT 
mean (n; st. dev.)
1 TRINIDAD Valle de Trinidad (n=3)
4 ml. S Valle de Trinidad (6) 
W end Valle de Trinidad (1)
9.40 (10; .502) 2.07 (10; .285) 2.16 (10; .239)
2 ESCOAGIL 2 ml, E Colonla Guerrero (1) 
8.5 ml. N San Qulntin (1) 9.27 < 2; .559) 1.72 ( 2; .141) 1.94 ( 2; .127)
3 ESCOGRAV 8.5 ml. N San Qulntin 12.74 ( 4; .647) 1.42 ( 4; .202) 1.94 ( 4; .225)
6 SOCORRO 12 ml. N El Rosario 8.98 ( 2; .044) 1.62 ( 2; .113) 1.67 ( 2; .120)
5 ROSAAGIL 6 ml. E El Rosario 9.00 ( 4; .208) 1.57 ( 4; .262) 1.73 ( 4; .275)
6 ROSAGRAV 6 ml. E El Rosario 12.76 (17; .267) 1.68 (17; .229) 2.14 (17; .182)
7 AGUSTINE San Agustlne 9.14 (17; .424) 1.78 (17; .214) 1.96 (17; .236)
8 CATARINA Santa Catarina Landing 8.80 ( 7; .493) 1.71 ( 7; .306) 1.89 ( 7; .223)
9 SANBORJA Mission de San Borjas 9.67 ( 8; .431) 1.94 ( 8; .227) 2.07 ( 8; .107)
10 ELBARRIL 7 ml. W San Franclsqulto Bay 9.44 ( 2; .219) 1.67 ( 2; .016) 1.89 ( 2; .304)
11 R.ALEGRE 2.5 ml. W Mesqultal 9.97 (18; .461) 1.86 (18; .285) 1.82 (18; .226)
12 IGNACIO 10 ml. E San Ignacio 9.29 (10; .402) 1.65 (10; .190) 1.79 (10; .226)
13 REFUGIO 4.5 ml. N El Refugio 9.29 (22; .558) 1.58 (23; ,283) 1.63 (23; .244)
TABLE 2 .— V a r ia t io n  in  means o f  th r e e  b a c u la r  m easurem ents i n  B a ja  C a l i f o r n ia  k angaroo  
r a t a  (D ipodom ys).  S t a t i s t i c a l l y  homogeneous s u b s e ts  d e r iv e d  from  SS-STP 
a n a ly s i s  a r e  shown by l i n e s  below  th e  OTU num bers and ran k ed  means
C h a ra c te r R e s u l t s  o f  SS-STP A n a ly s is
L eng th
W idth
6 3 11 9 10 1 13 12 2 7 5 4 8
1 2 .7 6  12 .7 4  9 .9 7  9 .6 7  9 .4 3  9 .4 0  9 .2 9  9 .2 9  9 .2 7  9 .1 4  9 .0 0  8 .9 8  8 .8 0
1 9 11 7 2 8 6 10 12 4 13 5 3
2 .0 7  1 .9 4  1 .8 6  1 .7 8  1 .7 2  1 .7 1  1 .6 8  1 .6 7  1 .6 5  1 .6 2  1 .5 8  1 .5 7  1 .4 2
Ln
H eig h t 1 6 9 7 3 2 8 10 11 12 5 4 13
2 .1 6  2 .1 4  2 .0 7  1 .9 6  1 .9 4  1 .9 4  1 .8 9  1 .8 9  1 .8 2  1 .7 9  1 .7 3  1 .6 7  1 .6 3
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TABLE 3 .  C o r r e la t io n  c o e f f i c i e n t s  r e s u l t i n g  from  com parisons o f
c o r r e l a t i o n  and d is ta n c e  m a tr ic e s  c a lc u la te d  from 
s ta n d a rd iz e d  c h a r a c te r  means o f  b a c u la r  and v a r io u s  s k in  
and s k e l e t a l  c h a ra c te r  sets&
M atrix  Name BAC/CORR BAC/DIST
SKIN+SKULL/CORR .202 - .2 3 6
SKIN+SKULL/DIST - .2 2 0 .402
P-CRAN SKEL/CORR - .1 1 2 - .3 0 3
P-CRAN SKEL/DIST - .3 2 4 .609
42 CHAR/CORR .170 - .3 9 8
42 CHAR/DIST - .2 9 1 .536
SEL CHAR/CORR .158 - .3 9 5
SEL CHAR/DIST - .2 7 1 .482
^The m a tr ix  names and th e  c h a r a c te r s  c o n s id e re d in  each a r e  r e f e r r e d
to  in  th e  t e x t
PAPER I I I
RELATIONSHIPS &ETHEEN ECOLOGIC AND MORPHOLOGIC VARIATION 
IN KANGAROO RATS (GENUS DIPODOMYS) OF THE HEERMANNI GROUP 
IN BAJA CALIFORNIA, MEXICO
TROY L. BEST
D epartm ent o f  Zoology and S to v a l l  Museum o f  S c ie n ce  and H is to r y ,
The U n iv e rs i ty  o f Oklahoma, Norman 73019 (P re s e n t ad d re ss  ;
N a tu ra l  S c ien ces  R esearch  I n s t i t u t e , N a tu ra l  H is to ry  Museum,
E a s te rn  New Mexico U n iv e r s i ty , P o r ta l e s  88130)
A b s t r a c t . I n t e r l o c a l i t y  v a r i a t i o n  in  te m p e ra tu re ,  p r e c i p i t a t i o n ,  
v e g e ta t io n ,  and burrow  system s w ere a n a ly z e d  f o r  11 l o c a l i t i e s  w here 
kangaroo  r a t s  (Dipodomys a g i l i s )  w ere c o l l e c t e d  in  B a ja  C a l i f o r n ia ,
M exico. These d a ta  w ere exam ined to  d e te rm in e  t h e i r  c o r r e l a t i o n s  w ith  
m orpho log ic  v a r i a t i o n  in  th e  11 kangaroo  r a t  p o p u la t io n s .  P r in c i p a l  
component I  o f  th e  Dipodomys m o rp h o lo g ic  d a ta  was s i g n i f i c a n t l y  c o r r e l a te d
w ith  l a t i t u d e  and lo n g itu d e  f o r  b o th  s e x e s  l a r g e r  specim ens w ere from
th e  so u th e rn  p o p u la t io n s .  Component I I  o f  burrow  v a r i a t i o n  was c o r r e l a te d  
w ith  component I  f o r  m ales o n ly . In  a d d i t i o n ,  th e  fem ale  component I I  
was c o r r e l a te d  w ith  J u ly  mean te m p e ra tu re  and Ja n u a ry  mean p r e c i p i t a t i o n .  
T h is  second component was s i g n i f i c a n t l y  c o r r e l a t e d  w ith  in c re a s e d  h in d  
f o o t  le n g th  in  th e  warmer so u th e rn  l o c a l i t i e s ,  and was ta k e n  as  an  
i n d i c a t io n  t h a t  A l le n 's  eco g eo g rap h ic  r u l e  was b e in g  fo llo w e d . The 
r e l a t i o n s h ip s  o f d i f f e r e n t  g roups o f  m o rp h o lo g ic  c h a r a c te r s  and th e  
en v iro n m en ta l v a r ia b le s  w ere shown by c l u s t e r  a n a ly s e s .  M orphologic
47
48
and e n v iro n m en ta l d a ta  m a tr ic e s  g e n e r a l ly  c lu s t e r e d  s e p a r a t e ly .  W ith in  
th e  m orpho log ic  c l u s t e r s ,  m a tr ic e s  w ere g e n e r a l ly  s e p a ra te d  in t o  g roups 
o f d is ta n c e  and c o r r e l a t i o n  m a tr ic e s .
INTRODUCTION
P re v io u s ly  I  exam ined e x te r n a l  and s k e l e t a l  (B e s t 1976W , and b a c u la r  
(B est 1 9 7 6 0  v a r i a t i o n  in  p o p u la tio n s  o f  kangaroo  r a t s  (genus Dipodomys) o f 
th e  heerm anni group in  B a ja  C a l i f o r n ia ,  M exico. My p u rp o se  i n  th e  p r e s e n t  
p ap e r i s  to  exam ine i n t r a s p e c i f i c  v a r i a t i o n  and i t s  r e l a t i o n s h ip s  to  
en v iro n m en ta l p a ra m e te rs  f o r  one s p e c ie s  o f  th e  g ro u p , Dipodomys a g i l i s  
Gambel, 1848.
In  a  r e c e n t  rev iew  o f g eo g rap h ic  v a r i a t i o n  a n a ly s i s  Gould and Jo h n sto n  
(1972) em phasized th e  im p o rtan ce  o f  exam ining e n v iro n m e n ta l c o r r e l a t e s  o f  
g eo g rap h ic  v a r i a t i o n  in  p o p u la t io n s .  W ith t h i s  i n  mind I  h a v e : 1) exam ined
i n t e r l o c a l i t y  v a r i a t i o n  in  te m p e ra tu re , p r e c i p i t a t i o n ,  v e g e ta t io n ,  burrow  
sy s te m s , and kangaroo  r a t  m orphology; 2) d e te rm in e d  th e  c o r r e l a t i o n  o f  
en v iro n m en ta l v a r ia b le s  w ith  th e  m orpho log ic  v a r i a t i o n ;  and 3) d em o n stra ted  
th e  p o s s ib le  e f f e c t  o f  u s in g  d i f f e r e n t  s e t s  o f  m o rp h o lo g ic  c h a ra c te r s  upon 
th e  c o v a r ia t io n  o b se rv e d .
MATERIALS AND METHODS
P o p u la tio n  num bers, code nam es, and c o l l e c t i n g  l o c a l i t i e s  w here 
sam ples o f  kangaroo  r a t s  from B a ja  C a l i f o r n ia  w ere  c o l le c te d  f o r  u se  in  t h i s  
s tu d y  a re  p re s e n te d  in  T ab le  1 . The 216 2» a g i l i s  w ere  c o l le c te d  a t  11 
l o c a l i t i e s  d u r in g  Ju n e  and J u ly ,  1972. Sample s i z e s  and d e s c r ip t io n s  o f  
m orpho log ic  c h a r a c te r s  a r e  g iv e n  by B est (1 9 7 6 b )• A t each  l o c a l i t y  I  
a tte m p te d  to  sam ple a l l  h a b i t a t s  occu p ied  by kangaroo  r a t s .  Specim ens w ere 
c o l le c te d  w ith  Sherman l i v e  t r a p s  and V ic to r  r a t  t r a p s  d u rin g  th r e e  t o  fo u r  
days a t  each  s i t e .  At each  l o c a l i t y  l i v e  t r a p s  w ere  s e t  i n  two g r id s  w ith
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t r a p  s t a t i o n s  12 .2  m a p a r t  in  5 rows and 5 colum ns. Two t r a p s  w ere p la c e d  
a t  each t r a p  s t a t i o n .  K i l l  t r a p s  w ere s e t  i n  4 o r  5 l i n e a r  t r a n s e c t s  o f  50 
t r a p s  each  (one t r a p  p e r  s t a t i o n )  w ith  th e  t r a p s  ab o u t 5 m a p a r t .
Burrow d a ta  a re  t r e a t e d  as  an " e n v iro n m e n ta l v a r i a b l e , "  w h ile  
r e a l i z i n g  t h a t  th e y  may sim p ly  r e f l e c t  th e  m orphology o f  th e  organism  th a t  
c o n s tru c te d  th e  burrow  sy stem . To c o l l e c t  d a ta  on b u rro w s, a d d i t io n a l  t r a p s  
w ere p la c e d  d i r e c t l y  o u ts id e  burrow  e n tra n c e s  t h a t  w ere n o t  in  th e  g r id s  o r  
a lo n g  th e  t r a n s e c t s .  I  assumed th a t  th e  an im al cau g h t in  th e  t r a p  was th e  
one th a t  l iv e d  in  th e  b u rro w . Burrow d a ta  w ere n o t o b ta in e d  f o r  l o c a l i t y  2 , 
b u t a t  each  o f  th e  o th e r  s i t e s  3 to  11 burrow s (m ean=7.3) w ere e x c a v a te d , 
m easured , and mapped ( s e e  Appendix V o f B e s t 1976a f o r  m eans, s ta n d a rd  
d e v ia t io n s ,  and sam ple s i z e s  f o r  each  s i t e ) .  The 17 burrow  c h a r a c t e r i s t i c s  
s tu d ie d  a r e  l i s t e d  in  T ab le  5 .
F or each  l o c a l i t y  a l t i t u d e ,  l a t i t u d e ,  lo n g i tu d e ,  te m p e ra tu re , and 
p r e c i p i t a t i o n  w ere ta k e n  from th e  n e a r e s t  w e a th e r  s t a t i o n  (T ab le  1) as 
d e te rm in ed  from  th e  maps i n  H a s tin g s  and Hum phrey's (1969) r e p o r t  on th e  
c l im a te  o f  B a ja  C a l i f o r n ia  (s e e  A ppendices I I  and I I I  o f  B es t 1976a f o r  
te m p e ra tu re  and p r e c i p i t a t i o n  means used  in  t h i s  s tu d y ) . For b o th  te m p e ra tu re  
and p r e c i p i t a t i o n  I  u sed  12 m onthly and fo u r  s e a s o n a l  means (T ab le 3 ) .  W ith 
one e x c e p tio n ,  c o l l e c t in g  l o c a l i t i e s  w ere w i th in  20 km o f a w ea th e r s t a t i o n .
For S an ta  C a ta r in a  L an d in g , w hich i s  lo c a te d  on th e  w e s t c o a s t ,  th e  n e a r e s t  
w e a th e r s t a t i o n ,  and th e  one u se d , i s  ap p ro x im a te ly  35 km away a t  an 
e le v a t io n  o f 450 m.
At each  c o l l e c t in g  s i t e  I  u sed  a  l i n e - i n t e r c e p t s  method to  
c h a r a c te r i z e  th e  v e g e ta t io n .  A s t r i n g  61 m (200 f t . )  lo n g  was p la c e d  above 
each  o f  th e  f i v e  rows and columns o f  each  o f  th e  two tr a p p in g  g r i d s .  V e g e ta tio n , 
ro c k s ,  and d e b r is  en c o u n te re d  d i r e c t l y  below  th e  l i n e  w ere reco rd ed  as  w e ll  as 
th e  d is ta n c e  betw een  th e s e  i n t e r c e p t s  (= b are  a r e a s ) .  The c h a ra c te r s  d e r iv e d
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from th e se  d a ta  a re  g iv en  in  T ab le  4 (s e e  A ppendix IV o f  B est 1976^ f o r  mean 
v a lu e s  f o r  each  l o c a l i t y ) . At two l o c a l i t i e s  w here ]D. g ra v ip e s  and a g i l i s  
o ccu rred  s y m p a tr ic a l ly  (8 .5  m i. N San Q u in tin ; 6 m i. E E l R o sa rio ) one g r id  
was p la c e d  in t o  th e  h a b i t a t  occu p ied  by each o f  th e  s p e c ie s .  Thus only  610 m 
o f  t r a n s e c t  d a ta  a re  p ro v id ed  f o r  th e  2» a g i l i s  p o p u la tio n s  from each o f  
th e se  l o c a l i t i e s .
C o r r e la t io n  and d is ta n c e  m a tr ic e s  (S n ea th  and Sokal 1973) w ere 
c a lc u la te d  from  th e  s ta n d a rd iz e d  l o c a l i t y  means o f  th e  m orpho log ic , te m p e ra tu re , 
p r e c i p i t a t i o n ,  v e g e ta t io n ,  and burrow  d a ta  f o r  each  s i t e  and a ls o  f o r  each  
c h a r a c te r .  C lu s te r s  o f  l o c a l i t i e s  and c h a r a c te r s  from th e se  o r ig i n a l  m a tr ic e s  
o f  d is ta n c e  and c o r r e l a t i o n  w ere o b ta in e d  w ith  th e  unw eighted p a ir -g ro u p  
method u s in g  a r i th m e t ic  av erag es  (UPGMA). P r in c ip a l  components were 
c a lc u la te d  from a  m a tr ix  o f  c o r r e la t io n  among c h a r a c te r s  and l o c a l i t y  m eans.
The p r o je c t io n s  o f  th e  l o c a l i t i e s  w ere p lo t t e d  on th e  f i r s t  th r e e  p r in c i p a l  
com ponents. On th e s e  th re e -d im e n s io n a l p lo t s  I  have superim posed  a  s h o r t e s t  
m in im a lly  connec ted  netw ork  computed f o r  th e  o r i g i n a l  m a tr ix  o f  d is ta n c e s .
M orphologic  d a ta  f o r  fem ales a re  r e p re s e n te d  by few er p o p u la tio n s  th an
fo r  m a les  no fem ale  d a ta  w ere o b ta in e d  f o r  p o p u la tio n s  2 and 8 . The
d is c u s s io n  o f  a n a ly se s  o f  en v iro n m en ta l c h a r a c te r  c o r r e l a t i o n s ,  phenogram s, 
and th re e -d im e n s io n a l  m odels u t i l i z e  m a tr ic e s  and phenogram s w ith  a l l  11 
l o c a l i t i e s  re p re s e n te d ;  com parisons in v o lv in g  fem ale  m a tr ic e s  w ere b ased  on 9 .
To d em o n stra te  th e  e f f e c t  o f  u s in g  d i f f e r e n t  groups o f  m orpholog ic  
c h a r a c te r s  I  d e r iv e d  c h a ra c te r  s e t s  based  on th e  42 s k in  and s k e l e t a l  
c h a r a c te r s  s tu d ie d  p re v io u s ly  (B es t 1976^) . The c h a r a c te r  numbers and mean 
v a lu e s  u sed  i n  th e s e  a n a ly se s  w ere ta k en  from  B es t (Appendix I ,  1976^). A 
l i s t  and a  d e s c r ip t io n  o f  th e  c h a ra c te r s  a r e  a ls o  p re s e n te d  i n  B e s t,  1976^.
The m a tr ic e s  compared a r e  as fo llo w s  (u n le s s  o th e rw ise  in d ic a te d ,  m a tr ix  
code name and th e  c h a ra c te r s  in c lu d e d  in  each  a re  e n c lo se d  in  p a r e n th e s e s ) :
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s k in  c o r r e l a t io n  (SKIN-CORR, c h a ra c te r s  1 th ro u g h  5 ) j sk in  d is ta n c e  (SKIN-DIST, 
1 -5 ) ;  s k u l l  c o r r e l a t i o n  (SKULL-CORR, 6 -2 1 ) ; s k u l l  d is ta n c e  (SKULL-DIST, 6 -2 1 ); 
s k in  and s k u l l  c o r r e l a t i o n  (SKIN+SKULL-CORR, 1 -2 1 ) ; s k in  and s k u l l  d is ta n c e  
(SKIN+SKULL-DIST, 1 -2 1 ) ;  42 s k in  and s k e l e t a l  c h a ra c te r s  c o r r e l a t i o n  (ALL 
CHAR-CORR, 1 -4 2 ) ;  42 s k in  and s k e l e t a l  c h a r a c te r s  d is ta n c e  (ALL CHAR-DIST,
1 -4 2 ) ;  19 s e le c te d  c h a ra c te r s  c o r r e l a t i o n  (SEL CHAR-CORR, T ab le  2 ) ;  19 
s e le c te d  c h a ra c te r s  d is ta n c e  (SEL CHAR-DIST, T ab le  2 ) .  For m ales b a c u la r  
c o r r e l a t i o n  (BAC-CORR) and d is ta n c e  (BAC-DIST) m a tr ic e s  c o n s tru c te d  u s in g  th e  
5.* a g i l i s  p o p u la tio n s  l i s t e d  in  B es t (1 9 7 6 0  w ere a ls o  in c lu d e d . S ta n d a rd iz e d  
d a ta  m a tr ic e s  w ere used  f o r  in te r m a t r ix  co m p ariso n s .
A nalyses w ere perfo rm ed  u s in g  th e  IBM. 370 com puter a t  th e  U n iv e rs i ty  
o f  Oklahoma C om putation C e n te r . B iv a r ia te  c o r r e l a t i o n s  were d e te rm in ed  w ith  
a  program  (BIVAR) w r i t t e n  by Power (1 9 6 7 ), and m u l t iv a r ia te  a n a ly s e s  w ere 
conducted  u s in g  th e  NT-SYS s e r i e s  o f  program s (R oh lf e t  a l .  1 9 7 2 ),
RESULTS AND DISCUSSION 
C h a ra c te r  C o r r e la t io n s
The r e l a t i o n s h ip s  among m ale and fem ale  m orpholog ic  c h a r a c te r s  a re  
d e p ic te d  in  F ig s .  lA and IB , r e s p e c t iv e ly .  I n  b o th  phenograms c h a r a c te r  42 
(number of fu se d  v e r te b r a e )  i s  r e l a t i v e l y  u n c o r r e la te d  w ith  th e  o th e r  c h a ra c te r s ,  
The c h a ra c te r s  t h a t  a re  th e  most h ig h ly  c o r r e l a t e d  a r e :  11 ( in te r m a x i l la r y
w id th ) and 17 ( g r e a t e s t  w id th  o f  s k u l l ) ;  7 ( g r e a t e s t  le n g th  o f  s k u l l )  and 10 
(n a s a l  le n g th ) ;  16 ( g r e a t e s t  dep th  o f  s k u l l )  and 30 (s c a p u la  d e p th ) ;  28 
( s c a p u la  w id th ) and 36 (p rox im al w id th  o f  fem ur) f o r  m a le s ; and 7 ( g r e a t e s t  
le n g th  o f  s k u l l ) , 17 ( g r e a t e s t  w id th  o f s k u l l )  , and 11 ( in te r m a x i l la r y  w id th ) 
f o r  fem a les .
C h a ra c te rs  used  in  th e  te m p e ra tu re  a n a ly s i s  formed th r e e  v e ry  
d i s t i n c t  c l u s t e r s .  W ith in  each group th e  c h a r a c te r s  w ere c o r r e l a te d  0 .9 5  o r
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g r e a t e r .  The November th ro u g h  March and th e  W in te r means composed th e  f i r s t  
c l u s t e r ;  A p r i l ,  May, O c to b er, F a l l ,  and S p rin g  means made up th e  seco n d ; and 
June th ro u g h  S ep tem ber, p lu s  th e  Summer mean com prised th e  t h i r d  c l u s t e r .  
December th ro u g h  March w ere th e  c o o le s t  months a t  each l o c a l i t y ,  w ith  th e  
Jan u ary  mean te m p e ra tu re  c o n s i s te n t ly  th e  lo w e s t.  T em peratu re  means fo r  
J u ly ,  A u g u st, and Septem ber w ere th e  h ig h e s t  a t  a l l  l o c a l i t i e s .
P r e c i p i t a t i o n  c h a ra c te r s  form ed two d i s t i n c t  c l u s t e r s  d iv e rg in g  a t  
th e  0 .0 3  c o r r e l a t i o n  l e v e l .  The November th ro u g h  Ju n e , S p r in g , and W inter 
means w ere w e ll  s e p a ra te d  from th e  J u ly  th ro u g h  O c to b e r, Summer, and F a l l  
m eans. These g ro u p in g s  r e p r e s e n t  d i s t i n c t  W in te r-S p rin g  and Sum m er-Fall 
c l u s t e r s .  W ith in  each  c l u s t e r  th e  c h a r a c te r s  w ere n o t as h ig h ly  c o r r e l a te d  
as th e  te m p e ra tu re  c h a r a c te r s .
H a s tin g s  and T u rn er (1965) have s tu d ie d  th e  s e a s o n a l  p r e c i p i t a t i o n  
regim es in  B aja  C a l i f o r n ia .  They n o te d  th a t  l i k e  th e  w es t c o a s t  o f  th e  U n ited  
S ta t e s ,  th e  P a c i f i c  s id e  o f  B a ja  C a l i f o r n ia  r e c e iv e s  i t s  maximum p r e c i p i t a t i o n  
in  w in te r .  The November th ro u g h  June c l u s t e r  c lo s e ly  co rre sp o n d s  to  th e  
w e t t e s t  months o f  th e  y e a r  among n o r th e rn  and P a c i f i c  c o a s ta l  l o c a l i t i e s ,  
i . e . ,  l o c a l i t i e s  1 th ro u g h  7 , and 9 . These months a re  g e n e r a l ly  d r i e r  f o r  
l o c a l i t i e s  8 , 1 0 , and 11 , w hich a re  e a s t  c o a s ta l  a n d /o r  s o u th e rn  
l o c a l i t i e s .  C o n v e rse ly , th e  J u ly  th ro u g h  O cto b er c l u s t e r  c lo s e ly  co rresp o n d s  
to  th e  d ry  m onths f o r  th e  n o r th e rn  and w e s te rn  l o c a l i t i e s  ( 1 -7 ,  9) and 
g e n e ra l ly  r e p r e s e n t s  th e  w e t t e s t  m onths f o r  th e  e a s te r n  a n d /o r  so u th e rn  a re a s  
(8 , 1 0 , 11) .
The c h a r a c te r s  used  in  th e  v e g e ta t iv e  a n a ly se s  ( l i s t e d  i n  T ab le 4) 
w ere g e n e ra l ly  n o t  h ig h ly  c o r r e la te d  (F ig .  2 ) .  Two d i s t i n c t  c l u s t e r s  o ccu r i n  
th e  phenogram , w ith  c o n s id e ra b le  v a r i a t i o n  in  c h a r a c te r  c o r r e l a t i o n s  w ith in  
each c l u s t e r .  Each c h a r a c te r  ap p ea rs  to  c o n t r ib u te  c o n s id e ra b le  in d ep en d en t 
in fo rm a tio n  b ased  upon th e  low c o r r e l a t i o n s  o b se rv ed  betw een c h a r a c te r s .
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Among burrow  c h a ra c te r s  on ly  c h a ra c te r s  6 (number o f  n e s t s )  and 7 
(av e rag e  dep th  o f  n e s t s )  a r e  h ig h ly  c o r r e la te d  (F ig . 3 ) .  G e n e ra l ly ,  th e  
burrow  c h a r a c t e r i s t i c s  seem to  v a ry  in d e p e n d e n tly .
I n t e r l o c a l i t y  V a r ia t io n
F ig . 4 shows phenogram s fo r  m ale and fem ale m orpho log ic  v a r i a t i o n  
c o n s tru c te d  from c o r r e l a t i o n  and d is ta n c e  m a tr ic e s .  P o p u la t io n s  shown in  th e  
m ale (F ig .  4A) and fem ale (F ig . 4C) c o r r e l a t i o n  phenogram s a re  r e l a t i v e l y  
u n c o r r e la te d ,  and do n o t  r e f l e c t  g e o g ra p h ic  g ro u p in g s  o f  th e  p o p u la t io n s .  In  
th e  m ale d is ta n c e  phenogram (F ig . 4B) p o p u la t io n s  9 and 11 c l u s t e r  away from 
th e  o th e r s ,  and f o r  fem ales (F ig . 4D) 5 , 7 , 9 , and 11 a re  s e p a r a te  from th e  
o th e r  p o p u la t io n s .
The te m p e ra tu re  c o r r e l a t i o n  phenogram (F ig .  5A) shows two v e ry  
d i s t i n c t  c l u s t e r s .  The two c l u s t e r s  r e p re s e n t  a  s e p a r a t io n  o f  th e  n o r th e rn  
in la n d  and G ulf o f  C a l i f o r n ia  s id e  o f  th e  p e n in s u la  ( l o c a l i t i e s  1 , 5 ,  6 , 8) 
from  th e  s o u th e rn  and P a c i f i c  s id e  o f  th e  p e n in s u la .  T em peratu re  d a ta  f o r  
l o c a l i t y  6 w ere ta k e n  abou t 35 km in la n d  from th e  a c tu a l  c o l l e c t in g  s i t e ,  
a c c o u n tin g  f o r  i t s  in c lu s io n  in  th e  G ulf o f C a l i f o r n ia - n o r th e r n  in la n d  
c l u s t e r .  The d is ta n c e  phenogram (F ig . 5B) shows l o c a l i t i e s  8 , 1 0 , and 11 
c lu s te r e d  to g e th e r  and w e l l  s e p a ra te d  from th e  o th e r  l o c a l i t i e s .  These a re  
in  th e  so u th e rn  h a l f  o f  th e  p e n in s u la  and have th e  w arm est mean an n u a l 
te m p e ra tu re s .
Two m ajo r c l u s t e r s  com prise  th e  p r e c i p i t a t i o n  c o r r e l a t i o n  phenogram 
(F ig . 5C ). E x cep tin g  l o c a l i t y  5 ,  l o c a l i t i e s  in  th e  u pper c l u s t e r  a re  
th e  n o r th e rn  l o c a l i t i e s .  The two m a jo r c l u s t e r s  i n  th e  d is ta n c e  phenogram 
(F ig . 5D) r e f l e c t  th e  d i f f e r e n c e  in  mean an n u a l p r e c i p i t a t i o n  o f  th e  
l o c a l i t i e s .  The c l u s t e r  c o n ta in in g  l o c a l i t i e s  1 and 9 r e p r e s e n t s  th e  two 
s i t e s  w ith  th e  g r e a t e s t  mean an n u a l p r e c i p i t a t i o n .  B ecause o f  i t s  ex trem e
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a r i d i t y ,  l o c a l i t y  8 i s  q u i t e  d iv e rg e n t from th e  o th e r s  in  th e  low er c l u s t e r .
L o c a l i t i e s  i n  th e  v e g e ta t io n  c o r r e l a t i o n  phenogram  (F ig . 5E) a re  
grouped  in t o  two p rim ary  c l u s t e r s .  The c o rre sp o n d in g  d is ta n c e  phenogram 
(F ig . 5F) has l o c a l i t y  1 b ra n c h in g  d i s t a n t  from  th e  o th e r s .  C o rre sp o n d in g ly , 
l o c a l i t y  1 was th e  o n ly  l o c a l i t y  w ith  l a r g e  ex p an ses  o f  g r a s s .  E xam ination 
o f  v e g e ta t io n  d a ta  in  Shreve and W iggins (1964) p ro v id e d  no a d d i t io n a l  i n s ig h t  
in to  th e  g ro u p in g s  shown in  th e se  two phenogram s. None o f  th e  groups d e r iv e d  
from c l u s t e r  a n a ly se s  f a l l  co m p le te ly  w ith in  any one o f  th e  b road  
p h y to g e o g ra p h ic  a r e a s  th ey  d e s c r ib e d .  D ata u sed  in  my a n a ly se s  w ere from th e  
d r i e s t  m onths o f  th e  y e a r  (June and J u ly ) .  S in ce  many o f  th e  p la n ts  had l o s t  
t h e i r  le a v e s  t h i s  undoub ted ly  a f f e c te d  th e  a n a ly s i s  o f  r e la t io n s h ip s  betw een 
l o c a l i t i e s .
Two m ain c l u s t e r s  com prise  th e  burrow  c o r r e l a t i o n  phenogram (F ig . 5G). 
The d is ta n c e  phenogram  (F ig .  5H) has th e  l o c a l i t i e s  g e n e ra l ly  a rra n g e d  in  
n o r th  to  so u th  o r d e r .  L o c a l i ty  9 i s  s e p a r a te  from  th e  o th e r  l o c a l i t i e s ,  1 
and 3 a r e  grouped to g e th e r ,  and th e  rem ain in g  l o c a l i t i e s  form  a la r g e  c e n t r a l  
c l u s t e r .
P r in c i p a l  Components
The lo a d in g s  o f  m orpho log ic  c h a r a c te r s  on th e  f i r s t  th r e e  component 
axes a r e  p re s e n te d  in  T ab le  2 and th re e -d im e n s io n a l  p r o je c t io n s  a re  d e p ic te d  
in  F ig .  6 . The c h a r a c te r  c o r r e l a t i o n s  w ith  p r i n c i p a l  component I  f o r  m ales 
a r e  h ig h  f o r  a l l  c h a r a c te r s  ex ce p t 3 ( t a i l  l e n g t h ) , 12 ( a lv e o la r  l e n g th ) , 15 
( b a s i o c c i p i t a l  l e n g th ) ,  and 42 (number o f fu s e d  v e r t e b r a e ) .  For fem ales th e  
o n ly  low lo a d in g s  w ere f o r  c h a ra c te r s  4 (h in d  f o o t  l e n g t h ) , 12 ( a lv e o la r  
l e n g th ) , 19 ( n a s a l  w id th ) , 23 (u ln a  l e n g th ) , and 42 (number o f  fu sed  v e r t e b r a e ) , 
T h is component i s  ta k e n  to  r e p re s e n t  o v e r a l l  s i z e  i n  b o th  s e x e s ,  s in c e  i t  
a c c o u n ts  f o r  m ost o f  th e  c o v a r ia t io n  among c h a r a c te r s .  On p r in c ip a l
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component I I ,  c h a r a c te r s  3 ( t a i l  le n g th )  and 42 (number o f  fu sed  v e r te b ra e )  
have h ig h e s t  lo a d in g s  f o r  m a le s . C h a ra c te rs  4 (h in d  fo o t  l e n g th ) ,  19 (n a s a l  
w id th ) ,  and 23 (u ln a  le n g th )  a re  h ig h e s t  f o r  fe m a le s . Component I I I  has  
h ig h e s t  lo a d in g s  f o r  c h a ra c te r  15 ( b a s io c c ip i t a l  le n g th )  f o r  m ales and 42 
(number o f  fu sed  v e r te b ra e )  fo r  fe m a le s . The th r e e  components e x p la in  abou t 
80% o f th e  t o t a l  c h a r a c te r  v a r ia n c e  f o r  each  sex  (se e  bottom  o f  T ab le  2 ) .
P r in c ip a l  component I  s e p a ra te s  p o p u la tio n s  in  F ig . 6 by s i z e .  F or
m ales p o p u la tio n s  1 ,  3 , and 6 a re  th e  s m a l le s t  and 9 and 11 a re  th e  l a r g e s t .
The same i s  t r u e  f o r  fem a le s ; how ever, th e  c e n te r  c l u s t e r  i s  n o t as  d i s t i n c t  
as fo r  m a le s . T h is i s  due to  th e  m iss in g  d a ta  f o r  fem ale p o p u la tio n s  2 and
8 , and to  th e  s e p a r a t io n  along, p r in c ip a l  component I I .  T h is  second component
in  m ales g e n e ra l ly  p la c e s  th e  lo n g e r t a i l e d  form s tow ard th e  back  o f  th e  
m odel. For fem ales p o p u la tio n s  w ith  s h o r te r  h in d  f e e t  and lo n g e r u ln a s  a r e  
in  th e  f r o n t  o f  th e  m odel. Component I I I  f o r  m ales s e p a ra te s  p o p u la tio n s  
w ith  lo n g e r  b a s i o c c i p i t a l  le n g th s  from p o p u la t io n  2 . For fem ales th e  
p o p u la tio n s  c lo s e  to  th e  b a se  o f th e  model g e n e r a l ly  have more fu sed  v e r te b r a e .
P lo ts  o f  th e  f i r s t  th r e e  p r in c i p a l  com ponents o f  te m p e ra tu re , 
p r e c i p i t a t i o n ,  v e g e ta t io n ,  and burrow  v a r i a t i o n  a r e  p re s e n te d  in  F ig . 7 . A ll  
16 te m p e ra tu re  c h a ra c te r s  f o r  b o th  sex es  have h ig h  lo a d in g s  on p r in c i p a l  
component I  (T ab le  3 ) ,  w hich r e p re s e n ts  84.2% o f th e  t o t a l  v a r ia n c e .  The 
p a r a l le l i s m  betw een th e  mean annual te m p e ra tu re  and p r in c ip a l  component I  i s  
r e f l e c t e d  c lo s e ly  in  th e  3-D model o f  te m p e ra tu re  v a r i a t i o n  (F ig . 7A ). A 
l i s t i n g  o f  th e  l o c a l i t i e s  from  lo w est to  h ig h e s t  mean annual te m p e ra tu re  i s  
as  fo llo w s : 2 ,  1 ,  3 , 4 ,  5 , 6 , 9 , 7 , 1 0 , 11 , 8 (Appendix I I ,  B es t 1 9 7 6 ^ ). A
s im i la r  o rd e r  ap p ea rs  a c ro s s  th e  a x is  r e p re s e n t in g  th e  f i r s t  p r in c i p a l  
com ponent. P r in c ip a l  component I I  h a s  h ig h e s t  lo a d in g s  f o r  J a n u a ry , J u ly ,  
A ugust, and Summer m eans. T h is component r e p r e s e n ts  14.6% o f th e  t o t a l  
v a r i a t i o n ,  and s e p a ra te s  th e  n o r th e rn  l o c a l i t i e s  in t o  d i s t i n c t  P a c i f i c
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c o a s ta l  (2 ,  3 ,  4 ) -and in la n d  (1 ,  5 ,  6) g ro u p in g s . As e x p e c te d , th e  w ea th e r 
d a ta  fo r  l o c a l i t y  5 has  p la c e d  i t  more w ith  th e  in la n d  th a n  c o a s ta l  fo rm s.
In  th e  so u th e rn  l o c a l i t i e s ,  number 11 , r e p re s e n t in g  a  P a c i f i c  c o a s ta l  s i t e ,  
i s  a ls o  d is p la c e d  s l i g h t l y  by t h i s  component from th e  two G ulf o f  C a l i f o r n ia  
l o c a l i t i e s  (8  and 1 0 ) . The t h i r d  p r in c i p a l  component h as  low lo a d in g s  fo r  
a l l  c h a r a c te r s  and r e p re s e n ts  l e s s  th an  one p e rc e n t o f  th e  v a r i a t i o n .
A lso  l i s t e d  in  T ab le  3 a re  th e  r e s u l t s  o f p r in c i p a l  com ponents 
a n a ly se s  f o r  th e  p r e c i p i t a t i o n  d a t a ,  and F ig . 6B d e p ic ts  a  p l o t  o f  th e s e  f i r s t  
th r e e  com ponents. P r in c ip a l  component I  a cco u n ts  f o r  43.3% o f  th e  v a r i a t io n  
in  th e  p r e c i p i t a t i o n  d a ta .  H ig h e s t lo a d in g s  on t h i s  component w ere f o r  th e  
November th ro u g h  May, W in te r , and S p rin g  m eans. The h ig h  c h a r a c te r  lo a d in g s  
f o r  w in te r  means on component I  i s  shown in  th e  s e p a r a t io n  o f  l o c a l i t i e s  
a long  th e  f i r s t  a x i s .  L o c a l i t i e s  on th e  l e f t  have th e  l e a s t  w in te r  r a i n f a l l  
and th o s e  on th e  r i g h t  th e  g r e a t e s t .  The second component o f  p r e c i p i t a t i o n  
v a r i a t i o n  r e p r e s e n ts  a r e l a t i v e l y  h ig h  p e rc e n ta g e  o f  th e  v a r i a t i o n  in  th e  
d a ta  (29 .9% ). H ig h es t lo a d in g s  a re  f o r  J u ly  th ro u g h  O c to b e r , Summer, and 
F a l l  m eans. Along p r in c ip a l  component I I  th e  p lacem en t o f  l o c a l i t i e s  2 
th rough  7 tow ard  th e  back  o f th e  p l o t ,  9 , 10 , and 11 in  th e  m id d le , and 1 
and 8 a t  th e  f r o n t  ap p ea rs  to  be p r im a r i ly  a t t r i b u t a b l e  to  th e  Summer mean 
d a ta  a l th o u g h  th e  same g e n e ra l  g ro u p in g s  o f  th e  l o c a l i t i e s  i s  shown in  th e  
F a l l  means (Appendix I I I ,  B es t 1976^) . The th i r d  component r e p r e s e n ts  7.7% 
o f th e  v a r i a t i o n  w ith  th e  h ig h e s t  lo a d in g  f o r  th e  Jan u a ry  m ean. No g e n e ra l 
r e l a t io n s h ip  can be d e te c te d  co n ce rn in g  th e  d i s t r i b u t i o n  o f  l o c a l i t i e s  a long  
component I I I .
C h a ra c te r  lo a d in g s  o f  th e  f i r s t  th r e e  p r in c i p a l  com ponents o f  
i n t e r l o c a l i t y  v e g e ta t io n  v a r i a t i o n  a re  shown in  T ab le  4 . F o r component I  
lo a d in g s  a r e  g r e a t e r  th a n  + 0 .6  f o r  10 o f  th e  14 c h a r a c te r s .  T h is  component 
r e p r e s e n ts  48.5% o f  th e  v a r ia n c e  and ap p ea rs  to  c o n ta in  c h a r a c te r s  t h a t
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p r im a r i ly  r e l a t e  to  th e  s i z e  o f  th e  p l a n t s .  The 11 l o c a l i t i e s  sam pled in  t h i s  
s tu d y  a re  shown in  F ig . 7. L o c a l i t i e s  w ith  l a r g e r  p la n ts  a r e  on th e  l e f t  
f o r  p r in c i p a l  component I .  The second component has h ig h e s t  lo a d in g s  f o r  
c h a ra c te r s  1 ,  5 ,  6 , and 9 ,  and e x p la in s  24.2% o f th e  v a r ia n c e .  Along component 
I I  s m a lle r  v a lu e s  r o r  c h a r a c te r  6 (a v e ra g e  s i z e  o f  b a re  a r e a s )  and l a r g e r  
v a lu e s  f o r  c h a r a c te r  1 ( t o t a l  p e rc e n t  co v e r) co rresp o n d  to  l o c a l i t i e s  i n  th e  
b ack  h a l f  o f  th e  3-D m odel. Component I I I  h as  h ig h e s t  lo a d in g s  f o r  c h a ra c te r s  
2 , 3 , and 9 , and r e p r e s e n ts  10% o f th e  v a r ia n c e .  L o c a l i t i e s  w ith  th e  l e a s t  
number o f  p la n t s  and l e a s t  d i v e r s i t y  a r e  n e a r  th e  b ase  o f  th e  m odel.
R e s u lts  o f  th e  p r in c i p a l  com ponents a n a ly se s  o f  i n t e r l o c a l i t y  burrow  
v a r i a t i o n  a r e  p re s e n te d  in  T ab le  5 . Only 36.1% o f th e  v a r ia n c e  i s  e x p la in e d  
in  component I .  T here a re  h ig h  lo a d in g s  f o r  11 o f  th e  17 c h a r a c te r s .  T h is  
component a p p e a rs  to  r e p r e s e n t  g e n e ra l  s i z e  a n d /o r  co m plex ity  o f  th e  burrow  
sy s te m s . The 3-D m odel d is p la y in g  th e  11 l o c a l i t i e s  p lo t t e d  on th e  f i r s t  
th r e e  p r in c i p a l  com ponents o f burrow  v a r i a t i o n  i s  shown in  F ig .  7D. Along 
component I  l o c a l i t i e s  8 and 11 (g e n e ra l ly  s m a l le r  and l e s s  complex burrow s) 
a re  on th e  l e f t ,  1 ,  3 , and 9 on th e  r i g h t ,  and th e  o th e rs  a re  grouped  to g e th e r  
in  th e  m id d le . Component I I  acc o u n ts  f o r  22.6% o f th e  v a r ia n c e .  H ig h e s t 
lo a d in g s  a r e  f o r  c h a r a c te r s  2 , 3 , 11 , 12 , and 13 , w hich p r im a r i ly  r e p r e s e n t  
w id th  o f  th e  burrow  sy s tem . On th e  3-D m odel t h i s  component p la c e s  l o c a l i t y  
9 tow ard th e  b ack  and th e  o th e r  l o c a l i t i e s  tow ard th e  f r o n t  o f  th e  m odel.
The t h i r d  p r i n c i p a l  component r e p re s e n ts  12.9% o f  th e  v a r i a t i o n  and h as  h ig h e s t  
lo a d in g s  f o r  c h a r a c te r s  4 , 5 , and 17 . D epth c h a r a c t e r i s t i c s  b e s t  ex em p lify  
th e  v a r i a t i o n  shown a lo n g  p r in c i p a l  com ponent I I I .  L o c a l i t i e s  d e p ic te d  by 
lo n g e r  s t i c k s  g e n e ra l ly  have deep er b u rro w s.
E nv ironm en ta l-M orpho log ic  C o v a r ia tio n
R e s u lts  o f  a n a ly se s  o f c o v a r ia t io n  o f  th e  f i r s t  th r e e  p r in c i p a l
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components o f  19 m o rp h o lo g ic  c h a ra c te r s  o f  B a ja  C a l i f o r n ia  D^ . a g i l i s  and 15 
eco g eo g rap h ic  v a r ia b le s  a r e  p re s e n te d  i n  T ab le  6 . The f i r s t  p r in c i p a l  
component o f  m ale Dipodomys v a r i a t i o n  i s  c o r r e l a t e d  s i g n i f i c a n t l y  w ith  
l a t i t u d e ,  lo n g i tu d e ,  and th e  second p r in c i p a l  component o f  burrow  v a r i a t i o n .  
Thus, th e re  i s  c l i n a l  v a r i a t i o n  in  body s i z e  o f m ales and a  d e f in a te  
r e l a t io n s h ip  betw een body s i z e  and g e n e ra l  w id th  o f  th e  burrow  sy stem s. I t  
i s  n o t  s u p r is in g  t h a t  I  found body s i z e  and burrow  w id th  c o r r e l a t e d .  At 
l e a s t  in  jD. s p e c t a b i l i s , o n ly  one a d u l t  an im al o c c u p ie s  a  burrow  system  
(V orh ies and T ay lo r  1922 , T a y lo r  and V orh ies 1923, Monson and K e s s le r  1940,
B est 1 9 7 2 ), and when t h a t  an im al i s  removed th e  burrow  i s  n o t im m ediate ly  
re o c c u p ie d  (B es t 1 972 ). Female m orpho log ic  component I  a l s o  covarys w ith  
l a t i t u d e  and lo n g i tu d e ,  b u t  c o r r e l a t i o n  w ith  th e  second component o f  burrow  
v a r i a t i o n  was n o t s i g n i f i c a n t .  P erhaps a l a r g e r  sam ple would show th a t  
fem ale  body s i z e  and th e  burrow  w id th  component a r e  a ls o  s i g n i f i c a n t l y  
c o r r e l a t e d .
In  K ennedy 's (1976) a n a ly se s  o f  16 c r a n i a l  c h a r a c te r s  f o r  D^ . o r d i i , 
he found l a t i t u d e ,  mean an n u a l and Jan u ary  te m p e ra tu re s ,  and mean annual 
p r e c i p i t a t i o n  to  be  s i g n i f i c a n t l y  c o r r e la te d  w ith  h i s  m a le s ' p r in c i p a l  
component I .  L a t i tu d e ,  an n u a l and Jan u ary  mean te m p e ra tu re s  w ere s i g n i f i c a n t l y  
c o r r e la te d  w ith  h i s  fem ale  component I .  S im ila r  r e s u l t s  w ere ex p ec ted  f o r  
2» a g i l i s  in  B a ja  C a l i f o r n ia ,  s in c e  Dipodomys a r e  m o rp h o lo g ic a lly  q u i t e  
s im i la r  (H a ll and K elson 1 9 5 9 ). My d a ta  show th a t  body s i z e  in c re a s e s  as
l a t i t u d e  and lo n g i tu d e  d e c re a se -----l a r g e r  an im a ls  a r e  i n  th e  so u th e rn
p o p u la t io n s .  G e o g ra p h ic a lly  B a ja  C a l i f o r n ia  j u t s  i r r e g u l a r l y  from n e a r  th e  
U n ited  S ta te s  b o rd e r ,  n e a r  32°30'N  l a t i t u d e ,  s o u th e a s t  a c ro s s  th e  T ro p ic  o f 
C ancer to  Cabo San L u ca s , n e a r  2 2 ° 5 0 '.  T h is  so u th e a s tw a rd  p r o je c t io n  acc o u n ts  
n o t o n ly  f o r  th e  l a t i t u d i n a l  v a r i a t i o n ,  b u t  a ls o  f o r  th e  lo n g i tu d in a l  v a r i a t i o n .  
L a t i tu d e  i s  v e ry  s i g n i f i c a n t l y  c o r r e la te d  w ith  lo n g i tu d e  (jr= 0 .950 , P 0 .0 1 ) i n
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B aja  C a l i f o r n ia .  Thus th e  h ig h  c o r r e l a t i o n  w ith  lo n g i tu d e  does n o t r e p re s e n t  
e a s t - w e s t  v a r i a t i o n  a c ro s s  th e  p e n in s u la ,  b u t  sim ply  i s  a  r e s u l t  o f  changing  
l a t i t u d e .
Male component I I  i s  n o t c o r r e la te d  w ith  any o f  th e  eco g eo g rap h ic  
v a r i a b l e s ,  b u t  p r in c i p a l  component I I  f o r  fem ales i s  s i g n i f i c a n t l y  c o r r e la te d  
w ith  J u ly  mean te m p e ra tu re  and Ja n u a ry  mean p r e c i p i t a t i o n  (T ab le  6 ) .  A lle n  
(1877) p o in te d  o u t t h a t  p ro tru d in g  body p a r t s  f o r  w arm -blooded an im als  a re  
s h o r te r  in  c o o l c l im a te s  and lo n g e r  in  warm o n es . Kennedy (1976) n o te d  th a t  
2" o r d i i  e x h ib i te d  a t  b e s t  a  weak t r e n d  of g eo g rap h ic  v a r i a t i o n  th a t  fo llow ed  
A l le n 's  e co g eo g rap h ic  r u l e .  S in ce  h i s  a n a ly se s  on ly  in c lu d e d  c r a n i a l  c h a r a c te r s ,  
v a r i a t i o n  in  p ro tru d in g  body p a r t s ,  such  as  appendages, t a i l ,  and e a r s ,  w ere 
n o t  d i r e c t l y  c o n s id e re d . My d a ta  f o r  fem ales show th a t  s o u th e rn  p o p u la tio n s  
have lo n g e r  h in d  f e e t .  I  have ta k e n  t h i s  to  in d i c a te  t h a t  A l le n 's  r u le  i s  
b e in g  fo llo w ed  by h in d  fo o t  le n g th ,  w hich h as  a  h ig h  lo a d in g  a long  component I I .
P r in c ip a l  component I I I  o f  Dipodomys m orpho log ic  v a r i a t i o n  i s  n o t 
s i g n i f i c a n t l y  c o r r e la te d  w ith  any o f  th e  eco g eo g rap h ic  v a r i a b l e s .  For m a le s , 
th e  o n ly  m orpho log ic  c h a r a c te r s  w ith  a  h ig h  lo a d in g  f o r  t h i s  component was 
b a s i o c c i p i t a l  le n g th ,  and f o r  fe m a le s , number o f fu sed  v e r te b r a e  in  th e  p e lv ic  
g i r d l e  (T ab le  2 ) .
T here have been  no p u b lis h e d  s tu d ie s  u s in g  s t a t i s t i c a l  te c h n iq u e s  to  
d e a l  w ith  kangaroo r a t  burrow  c h a r a c te r s  and t h e i r  i n t e r r e l a t i o n s h i p s  w ith  
m orpho log ic  a t t r i b u t e s .  R e s u lts  o f  a n a ly se s  o f c o v a r ia t io n  o f  th e  f i r s t  
th r e e  p r in c i p a l  com ponents o f  Dipodomys burrow  v a r i a t i o n  w ith  13 eco g eo g rap h ic  
v a r ia b le s  a re  p re s e n te d  in  T ab le  7 . Component I  o f  burrow  v a r i a t i o n  i s  
s i g n i f i c a n t l y  c o r r e la te d  w ith  l a t i t u d e ,  lo n g i tu d e ,  J u ly  mean te m p e ra tu re , 
component I  o f  te m p e ra tu re ,  Jan u a ry  mean p r e c i p i t a t i o n ,  and component I  o f 
p r e c i p i t a t i o n .  The m ost com plex burrow s a re  in  th e  n o r th e rn  p a r t s  o f  th e  
p e n in s u la .  T h is  re g io n  h as  th e  lo w e s t te m p e ra tu re s  th ro u g h o u t th e  y e a r  and
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th e  g r e a t e s t  w in te r - s p r in g  p r e c i p i t a t i o n .  The second component has 
s i g n i f i c a n t  c o r r e l a t i o n s  w ith  J u ly  mean p r e c i p i t a t i o n  and th e  second 
component o f p r e c i p i t a t i o n .  W ider, l e s s  complex burrow s a re  in  th e  so u th e rn  
a re a s  w here th e r e  i s  g r e a t e s t  Sum m er-Fall p r e c i p i t a t i o n  and th e  l a r g e s t  
kangaroo r a t s  o c c u r .
Comparisons o f D ata M a tric e s  
R e su lts  o f  com parisons o f  th e  v a r io u s  d a ta  m a tr ic e s  a re  p re s e n te d  in  
F ig . 8 . The phenogram o f  m ale m a tr ic e s  (F ig . 8A) can be c o n s id e re d  as th r e e  
m ajor c l u s t e r s .  The u pper c l u s t e r  c o n ta in s  fo u r  m orphologic  c o r r e l a t i o n
m a tr ic e s ;  th e  seco n d , th e  two b a c u la r  m a t r ic e s ,  th e  p r e c i p i t a t i o n  and burrow ^ .
c o r r e l a t i o n  m a t r i c e s , and ex cep t f o r  b a c u la r  and v e g e ta t io n  a l l  th e
d is ta n c e  m a tr ic e s ;  and th e  t h i r d  has th e  te m p e ra tu re  c o r r e l a t i o n  m a tr ix  and 
th e  two v e g e ta t io n  m a tr ic e s .  M a tric e s  f o r  fem ales a ls o  c l u s t e r  in to  th r e e  
groups (F ig . 8B ). SKIN-CORR i s  v e ry  d i s t i n c t  from th e  o th e r  c l u s t e r s ;  th e  
second c l u s t e r  c o n ta in s  th e  o th e r  m orpho log ic  m a tr ic e s  and m ost o f th e  
en v iro n m en ta l m a tr ic e s ;  and th e  t h i r d  h as  th e  same m a tr ic e s  as th e  t h i r d  f o r  
m a le s .
P re v io u s ly ,  I  have tak en  c a re  to  remove th e  e f f e c t  o f h ig h  c o r r e l a t i o n s  
among th e  42 c h a ra c te r s  o r ig i n a l l y  m easured fo r  B aja  C a l i f o r n ia  Dipodomys 
(B est 1976W . The r e s u l t  was 19 c h a r a c te r s  th a t  w ere much l e s s  c o r r e la te d  
among th e m se lv e s . The p re s e n t  a n a ly se s  in d i c a te  th e  19 c h a ra c te r  (SEL CHAR) 
and th e  42 c h a r a c te r  (ALL CHAR) d a ta  s e t s  a re  h ig h ly  c o r r e l a t e d .  My r e s u l t s  
p ro b ab ly  w ould n o t halve been a p p re c ia b ly  changed i f  I  had used  th e  42 o r ig i n a l  
c h a r a c te r s .  A p p a re n tly , th e  19 c h a r a c te r  s e t  i s  a t  l e a s t  as  ad eq u a te  i n  
r e p re s e n t in g  th e  v a r i a t io n  as th e  42 o r i g i n a l  c h a r a c te r s .
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CONCLUSIONS
A nalyses o f  en v iro n m en ta l v a r ia b le s  e lu c id a te d  t r e n d s  in  v a r i a t io n  in  
te m p e ra tu re , p r e c i p i t a t i o n ,  v e g e ta t io n ,  and burrow  system s o f  Dipodomys in  
B a ja  C a l i f o r n ia .  M onthly v a r i a t io n  in  te m p e ra tu re  i s  r e l a t i v e l y  p a r a l l e l  
among th e  l o c a l i t i e s  w ith  th o se  in  th e  n o r th  b e in g  c o n s id e ra b ly  c o o le r  th a n  
th e  so u th e rn  l o c a l i t i e s .  H as tin g s  and T u rner (1965) found th e  P a c i f i c  s id e  
o f  th e  p e n in s u la  re c e iv e d  i t s  maximum p r e c i p i t a t i o n  in  w in te r ,  and th e  G u lf 
o f C a l i f o r n ia  s id e  re c e iv e d  m ost o f i t s  an n u a l m o is tu re  d u rin g  l a t e  Summer 
and F a l l .  These d a ta  c lo s e ly  ag ree  w ith  my p r in c i p a l  components I  and I I ,  
r e p re s e n t in g  W in te r-S p rin g  and Sum m er-Fall p r e c i p i t a t i o n  m eans, r e s p e c t iv e ly .
In  a n a ly se s  o f  v e g e ta t io n  v a r i a t io n  th e  g ro u p in g s o f  th e  l o c a l i t i e s  I  
s tu d ie d  d id  n o t co rresp o n d  to  th e  b ro ad  p h y to g e o g ra p h ic  re g io n s  d e s ig n a te d  
by Shreve and W iggins (1 9 6 4 ). P erhaps t h i s  was due to  th e  tim e o f y e a r  when I  
c o l le c te d  p la n t  d a ta  o r  th e  c h a ra c te r s  used  i n  my a n a ly s e s .  However, th e  
v e g e ta t iv e  d a ta  p ro v id ed  in fo rm a tio n  th a t  a llow ed  fo r  g roup ing  o f  l o c a l i t i e s  
b ased  upon th e  grow th and d i s t r i b u t i o n  o f  p l a n t s  a t  each  s i t e .
Burrow v a r i a t i o n ,  w hich  to  a  la r g e  d eg ree  i s  a  r e f l e c t i o n  o f th e  
m orpholog ic  a t t r i b u t e s  o f  th e  an im al e x c a v a tin g  th e  sy s te m , showed some
i n t e r e s t i n g  t r e n d s .  In  th e  so u th e rn  B aja  C a l i f o r n ia  l o c a l i t i e s  a re a s  w ith
th e  w arm est J u ly  and an n u a l mean te m p e ra tu re s  kangaroo  r a t s  b u i ld  w id e r ,
l e s s  complex burrow  sy s tem s . In  a d d i t io n ,  burrow s in  th e  n o r th  w here th e r e  
i s  g r e a t e r  w in te r  r a i n f a l l  and c o o le r  te m p e ra tu re s ,  a r e  g e n e ra l ly  more com plex.
L a rg e r kangaroo  r a t s  a re  in  th e  more s o u th e rn  p o p u la t io n s .  For m a le s , 
l a r g e r  body s i z e  i s  s i g n i f i c a n t l y  a s s o c ia te d  w ith  w id e r burrow  sy s tem s . The 
same c o r r e l a t i o n  m ight be observed  i f  th e  fem ale  sam ple w ere l a r g e r .  Female 
component I I , which has a  h ig h  lo a d in g  f o r  h in d  fo o t l e n g th , i s  c o r r e la te d  
w ith  J u ly  mean te m p e ra tu re  and Jan u ary  mean p r e c i p i t a t i o n .  A p p aren tly  A l le n 's  
eco g eo g rap h ic  r u le  i s  b e in g  fo llo w ed  by h in d  fo o t  le n g th  s in c e  th e  so u th e rn
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p o p u la tio n s  g e n e r a l ly  have lo n g e r  h in d  f e e t .  P re v io u s  s tu d ie s  o f  Dipodomys 
m orpholog ic  v a r i a t i o n  have  re v e a le d  a t  l e a s t  some tendency  f o r  th e  v a r i a t i o n  
to  fo llo w  B ergm ann's eco g eo g rap h ic  r u le  (N ader 1964, Kennedy 1 9 7 6 ), b u t  
B a ja  C a l i f o r n ia  kangaroo  r a t s  a re  s m a l le r  i n  th e  n o r th e r n ,  c o o le r  a re a s  
o f  th e  p e n in s u la .
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FIGURES
FIG. 1 . Phenograms c o n s tru c te d  from th e  m a tr ic e s  o f  c o r r e l a t i o n  
o f 19 m ale (A) and fem ale (B) s k in  and s k e l e t a l  c h a ra c te r s  m easured fo r  
B a ja  C a l i f o r n ia  Dipodomys a g i l i s . I d e n t i f i c a t i o n  numbers r e f e r  to  th e  
l i s t  o f  c h a ra c te r s  p re s e n te d  in  T ab le 2 , and th e  c o p h e n e tic  c o r r e l a t i o n  
c o e f f i c i e n t s  ( r )  a re  in d ic a te d .
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FIG. 2 . Phenogram c o n s tru c te d  from  th e  m a tr ix  o f  c o r r e l a t i o n  o f  14 
v e g e ta t io n  c h a r a c te r s  m easured a t  11 l o c a l i t i e s  in  B aja  C a l i f o r n ia .  
I d e n t i f i c a t i o n  numbers and a b b re v ia t io n s  r e f e r  to  th e  l i s t  o f  c h a r a c te r s  
p re s e n te d  in  T ab le  3 .
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FIG. 3. Phenogram c o n s tru c te d  from th e  m a tr ix  o f  c o r r e l a t i o n  o f  17 
burrow  c h a r a c t e r i s t i c s  reco rd ed  f o r  kangaroo r a t s  (Dipodomys) in  B aja  
C a l i f o r n ia .  I d e n t i f i c a t i o n  numbers and a b b re v ia t io n s  r e f e r  to  th e  l i s t  
o f  c h a r a c te r s  p re s e n te d  in  T ab le  4 .
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FIG. 4 . Phenograms c o n s tru c te d  from c o r r e l a t i o n  and d is ta n c e  
m a tr ic e s  f o r  m ale (A and C, r e s p e c t iv e ly )  and fem ale  (B and D, r e s p e c t iv e ly )  
kangaroo r a t s  from  B a ja  C a l i f o r n ia .  ' C lu s te r s  w ere o b ta in e d  u s in g  th e  UPGMA. 
Accuracy o f  th e  d iagram s in  d e p ic tin g  in te r p o p u la t io n  r e l a t io n s h ip s  in c r e a s e s  
from l e f t  to  r i g h t .  Numeral i d e n t i f i c a t i o n s  a r e  th e  same as l i s t e d  in  T ab le  
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FIG. 5 . Phenograms c o n s tru c te d  from, m a tr ic e s  o f c o r r e l a t i o n  and 
d is ta n c e  f o r  11 l o c a l i t i e s  in  B a ja  C a l i f o r n ia ,  d e p ic tin g  te m p e ra tu re  (A 
and B, r e p r e s e n t in g  c o r r e l a t i o n  and d is ta n c e  phenogram s, r e s p e c t i v e l y ) ,  
p r e c i p i t a t i o n  (C and D ), v e g e ta t io n  (E and F ) , and burrow  v a r i a t i o n  (G 
and H ). Numeral i d e n t i f i c a t i o n s  a re  th e  same as l i s t e d  in  T ab le  1 .
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FIG. 6 . T h re e -d im e n s io n a l p r o je c t io n  o f l o c a l i t i e s  on to  th e  f i r s t  
th r e e  p r in c i p a l  component axes o f  v a r i a t i o n  in  th e  m a tr ix  o f  c o r r e l a t i o n s  
o f  19 s k in  and s k e l e t a l  c h a r a c te r s  o f m ale (A) and fem ale  (B) Dipodomys 
from B aja  C a l i f o r n ia .  The s h o r t e s t  s im p ly -co n n ec ted  ne tw o rk , d e r iv e d  
from th e  m a tr ix  o f  d is ta n c e  c o e f f i c i e n t s  f o r  th e  same c h a r a c te r s ,  i s  
superim posed  on th e  p r in c i p a l  component sp ace  to  i n d i c a te  w here p o s s ib le  
d i s t o r t i o n  may be p r e s e n t .  Numeral i d e n t i f i c a t i o n s  a r e  th e  same as l i s t e d  
in  T ab le  1 .
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FIG. 7 . T h re e -d im e n s io n a l p r o je c t io n s  o f  l o c a l i t i e s  on to  th e  f i r s t  
th r e e  p r in c i p a l  component axes o f  v a r i a t i o n  i n  m a tr ic e s  o f  c o r r e l a t i o n s  o f :  
(A) 16 te m p e ra tu re ; (B) 16 p r e c i p i t a t i o n ;  (C) 14 v e g e ta t io n ;  and (D) 17 
burrow  c h a r a c te r s  a s s o c ia te d  w ith  B a ja  C a l i f o r n ia  Dipodomys. Numeral 




V E G E T A T IO N
BURROWS
FIG. 8 . Phenograms o f m a tr ic e s  c o n s tru c te d  from m a tr ic e s  o f 
c o r r e l a t i o n  among 18 m ale (A) and 16 fem ale (B) m orpho log ic  and 
en v iro n m en ta l m a t r ic e s . See th e  t e x t  fo r  th e  c h a ra c te r s  in c lu d e d  in  
each m a tr ix .
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TABLES
TABLE 1. Localities where samples of kangaroo rats from Baja California were collected for use 
in this study and the nearest weather station, locality, and elevation data for each
Pop. Code Collecting Nearest Weather Station^
No, Name Localities Location Elevation (m) Latitude Longitude
1 TRINIDAD
Valle de Trinidad 
4 mi. S Valle de Trinidad 
W end Valle de Trinidad
Valle de la Trinidad, B.C.N. 900 31®10’30" 115°46’30"
2 ESCOAGIL
2 mi. E Colonia Guerrero 
8.5 mi, N San Quintin Las Escobas, B.C.N. 24 30®20'30" 115°53'30"
3 SOCORRO 12 mi. N El Rosario El Socorro, B.C.N. 10 30°20’00" 1 1 5 0 4 9’00"
4 ROSAAGIL 6 ml. E El Rosario El Rosario, B.C.N. 15 30°00’30" 115°43'30"
5 AGUSTINE San Agustlne San Agustln, B.C.N. 580 29°50’30" 115°00'00"
6 CATARINA Santa Catarina Landing Santa Catarina (Sur), B.C.N. 450 29°40*30" 115°09’30”
7 SANBORJA Mission de San BorJas San Borja, B.C.N. 375 28°40'00" 113°56'00"
8 ELBARRIL 7 ml. W San Francisqulto Bay El Barr11, B.C.N. 100 28°10'30" 112°54’00"
9 R.ALEGRE 2.5 ml. W Mesqultal Rancho Alegre, B.C.N. 500 28°10*00" 113°53’00"
10 IGNACIO 10 ml. E San Ignacio San Ignacio, B.C.S. 105 27°10'30" 112°54'00”
11 REFUGIO 4.5 ml. N El Refugio El Refugio, B.C.S. 29 24®40’30" lllO45'30"
w
^Taken from Hastings and Humphrey (1969).
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TABLE 2. C haracter loadInga of th e  f i r s t  th re e  p r in c ip a l  components o f 
in te r lo c a l I ty  morphologic v a r ia t io n
c h a r .
N o.l C haracter Sex
P rin c ip a l Components 
1 11 I I I
Skin
3 T a ll  len g th <?<? ,548 - .6 8 5 .218
S 2 .863 —.096 .274
* Bind fo o t len g th <IS .691 .333 .191
« 2 .538 - .6 8 1 .262
5 Ear len g th .725 - .1 6 7 .391
9 9 .803 - .2 2 4 .003
Skull
7 G rea te s t len g th i S .954 .202 -.0 8 0
9 9 .924 - .1 6 1 - .2 4 3
9 I n te r o r b l ta l  w idth <?<? .702 - .0 7 7 - .5 0 3
9 9 .676 .214 - .5 7 0
10 Kasai len g th <?^ .844 .360 -.0 5 2
9 9 .781 - .5 4 1 - .1 1 2
11 In te rm ax illa ry  width .817 - .0 3 2 -.0 0 9
9 9 .849 -.1 6 1 -.4 6 9
12 A lveolar len g th <f<f .538 -.3 1 6 - .3 0 3
9 9 .389 .501 - .5 8 5
15 B a s lo c c lp lta l  len g th /<? .558 .340 - .  684
9 9 .653 .212 - .2 5 8
16 G re a te s t depth .950 .108 -.0 2 7
99 .831 -.0 5 7 -.2 8 9
17 G rea te s t w idth </<? .881 -.1 0 3 .136
99 .973 - .1 1 4 -.1 4 3
19 N asal w idth <r<f .720 .493 .304
99 .574 .623 .063
P o s t-c ra n ia l  sk e le to n
23 Ulna len g th .784 .277 .250
99 .531 .754 .211
28 Scapula width .839 - .2 4 9 .373
99 .599 .577 .461
30 Scapula dep th // .891 -.0 8 1 -.0 2 2
99 .637 .094 .309
36 Femur proximal w idth .894 -.2 0 3 .075
99 .916 .023 .315
38 P e lv is  depth .941 - .1 1 8 .040
99 .890 .195 .125
40 P e lv ic  foramen len g th .740 -.2 6 6 -.5 6 3
9 9 .728 -.5 1 4 .284
42 Humber fused v e r te b ra e i é - .0 2 1 - .8 3 2 -.0 5 3
99 - .3 1 5 - .1 0 6 -.8 3 3
P ercen t of t o t a l f f 59.1 U .7 9 .0
v a r ia t io n  explained 99 53.5 14.9 13 .3
^C haracter numbers correspond to  th e  19 se le c te d  c h a ra c te rs  
used by B est (1 97% ).
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TABLE 3* Character loadings o£ the first three principal components of 
interlocality temperature and precipitation variation
Char. Temperature Precipitation
No. Character I II III I II III
1 January mean .853 -.516 -.004 .658 -.446 .503
2 February mean .893 -.435 -.080 .973 -.113 .067
3 March mean .951 -.302 -.002 .931 —.036 .105
4 April mean .993 -.054 —.061 .729 -.380 -.366
5 May mean .983 .108 -.122 .527 -.353 -.257
6 June mean .871 .465 -.150 .728 .177 .338
7 July mean .808 .584 -.004 .511 .817 .006
8 August mean .818 .565 .082 .202 .835 -.442
9 September mean .924 .347 .134 -.334 .864 .104
10 October mean .994 .057 .063 .227 .747 .167
11 November mean .933 -.327 .066 .912 .240 .304
12 December mean .908 -.407 .070 .667 -.038 -.371
13 Winter mean .892 -.452 -.004 .936 -.161 —.030
14 Spring mean .994 —.081 —.062 .806 -.102 -.295
15 Summer mean .839 .543 -.024 .228 .869 -.230
16 Fall mean .993 .050 .099 .169 .865 .201
Percent of total 
variation explained 84.2 14.6 0.6 43.3 29.9 7.7
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TABLE 4. Character loadings of the first three principal components of 
Interlocality vegetation variation
Char. Principal Components
No. Character I II III
1 Total percent cover .139 -.932 .098
2 Number of species present -.562 -.402 -.557
3 Number of transect intercepts -.719 -.211 -.582
4 Average size of plants^ .924 -.235 .098
5 Number of bare areas -.609 -.707 .304
6 Average size of bare areas .326 .908 -.011
7
2
Percent covered by debris .670 -.481 -.329
8 Percent covered by rocka^ .643 -.341 -.342
9 No. intercepts of most frequent species -.344 —.678 .458
10 No. Intercepts of 2nd most frequent species .704 —.010 .341
11 No. intercepts of 3rd most frequent species .938 -.133 .103
12 Greatest average Intercept length .875 -.294 -.159
13 2nd greatest average intercept length .912 .055 -.211
14 3rd greatest average Intercept length .807 -.137 -.067
Percent of total variance explained 48.5 24.2 10.0
T^he total length of plant Intercepts divided by the total number 
of Intercepts.
^he total length of bare area Intercepts divided by the total number of 
bare area intercepts.
debris includes dead and decomposing vegetative matter.
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TABLE 5. Character loadings of the first three principal components of 
Interlocality burrow variation
Char. Principal Components
No, Character I II III
1 Height of opening .803 -.463 .210
2 Width of opening .099 -.906 .219
3 Number of surface openings -.510 -.539 -.031
4 Greatest depth of system .784 —.036 -.571
5 Average depth of system .574 -.114 -.677
6 Number of nests .838 .324 .039
7 Average depth of nests .876 .294 -.024
8 Average diameter of main burrow .737 -.183 .313
9 Average diameter of side burrows .669 -.334 .457
10 Average length of side burrows -.116 -.255 -.203
11 Number of side burrows -.149 -.802 .175
12 Greatest length of system .077 -.830 .184
13 Greatest width of system .203 -.796 -.480
14 Location^ -.565 -.199 -.421
15 Mound present -.609 -.287 -.347
16 Number of food caches .794 -.035 .129
17 Average depth of food caches .647 -.113 -.593
Percent of total variance explained 36.1 22.6 12.9
determined whether the burrow was under vegetation or not.
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TABLE 6. Product-taomenc correlation coefficients calculated between the first three




Latitude -.698* .238 -.232
?? -.729* .392 -.314
Longitude 3 3 -.655* .250 -.255
% ? -.731* .530 —.268
Altitude 3 3 -.137 .586 .026
? 9 -.110 .063 -.429
Temperature- 3 3 .475 -.353 .453
January mean 9 9 .484 -.282 .441
Temperature- 3 3 .201 -.133 .247
July mean 9 9 .326 -.715* -.154
Temperature- 3 3 .453 -.325 .374
Principal Component I 9 9 .594 -.589 .242
Temperature- 3 3 -.219 .203 -.181
Principal Component II 9 9 -.179 -.258 -.393
Preclpltatlon- 3 3 -.109 .052 .086
January mean 9 9 -.113 .715* .346
Preclpltatlon- 3 3 .357 .146 .155
July mean 9 9 .218 -.190 .055
Preclpltatlon- 3 3 -.198 .401 —.066
Prlnclpal Component I 9 9 -.283 .421 -.029
Preclpltatlon- 3 3 .358 -.133 .246
Prlnclpal Component II 9 9 .409 -.431 .015
Vegetation- 3 3 .026 .027 .081
Principal Component I 9 9 -.058 -.287 —.266
Vegetation- 3 3 .385 -.258 .302
Principal Component II 9 9 .533 -.019 -.076
Burrows- 3 3 -.309 .233 .444
Principal Component I 9 9 -.416 .411 .332
Burrows- 3 3 -.718* .355 -.114
Principal Component II 9 9 -.586 .214 -.308
F^or values marked (*) r_ is significant at P%0«05.
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TABLE 7. Covariation of the first three principal components of 
burrow variation with 13 ecogeographlc variables^
Principal Components
Variable I II III
Latitude .654* .505 .165
Longitude .707* .572 .237
Altitude .304 .110 .031
Temperature- 
January mean -.481 -.429 -.130
Temperature- 
July mean -.759* -.274 -.261
Temperature- 
Principal Component I -.770** -.474 -.213
Temperature- 
Principal Component XI -.232 .135 -.079
Précipitation- 
January mean .900** -.089 .298
Precipltation- 
July mean .131 —.684* .107
Precipitation- 
Principal Component I .716* -.057 .383
Precipitation- 
Principal Component II -.321 -.661* -.024
Vegetation- 
Principal Component I -.101 -.219 -.079
Vegetation- 
Principal Component II -.297 -.342 -.013




T ab les  1 (m ales) and 2 (fem a les) l i s t  th e  c h a ra c te r  mean, s ta n d a rd  
d e v ia t io n ,  and sam ple s i z e  f o r  42 s k in  and s k e l e t a l  m easurem ents o f  kangaroo  
r a t s  (Dipodomys) f o r  each  o f  th e  OTUs (T here a re  no d a ta  f o r  fem ale OTUs 
ESCOAGIL and ELBARRIL). V alues a re  g iv e n  a s :  sam ple s i z e  (mean; s ta n d a rd
d e v ia t io n ) .  The c h a ra c te r s  used a re  as fo llo w s : 01 , t o t a l  le n g th  o f  specim en;
02, body le n g th ;  03 , t a i l  le n g th ;  04 , h in d  fo o t  le n g th ;  05 , e a r  l e n g th ;  06 , 
b a s a l  le n g th  o f  s k u l l ;  07 , g r e a t e s t  le n g th  o f  s k u l l ;  08 , m a x il la ry  a rc h  
sp re a d ; 0 9 , i n t e r o r b i t a l  w id th ; 10 , n a s a l  le n g th ;  1 1 , in te r m a x i l la r y  w id th ;
12, a lv e o la r  le n g th ;  1 3 , la c r im a l  le n g th ;  14 , m a x illa ry  a rc h  s p re a d ;  1 5 , 
b a s i o c c i p i t a l  le n g th ;  16 , g r e a t e s t  d ep th  o f  s k u l l ;  17 , g r e a t e s t  w id th  o f  
s k u l l ;  1 8 , zygom atic  w id th ; 19 , n a s a l  w id th ; 2 0 , m andib le  le n g th ;  2 1 , 
m andib le  d e p th ; 2 2 , r a d iu s  le n g th ;  23 , u ln a  le n g th ;  24 , humerus le n g th ;  25 , 
humerus d i s t a l  w id th ; 26 , humerus p ro x im al w id th ; 2 7 , c l a v i c l e  le n g th ;  28 , 
s c a p u la  w id th ; 2 9 , s c a p u la  le n g th ;  30, s c a p u la  d e p th ; 31, t i b i a  l e n g th ;  32 , 
t i b i a  d i s t a l  w id th ; 33 , t i b i a  p ro x im al w id th ; 34, femur le n g th ;  35 , fem ur 
d i s t a l  w id th ; 36 , fem ur p ro x im al w id th ; 37 , p e lv i s  le n g th ;  38 , p e lv i s  d e p th ;
39, p e lv ic  foram en le n g th ;  40 , p e lv ic  foram en w id th ; 41 , w id th  fu sed  
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8( 44.5; 0.54) 
8( 15.5; 0.93) 
8( 22.0; 0.52) 
7( 39.5; 0.35) 
7( 22.4; 1.11) 
8( 10.7; 0.38) 
8( 14.1; 0.37) 
8( 7.9; 0.08)
8( 5.4; 0.23) 
8( 4.2; 0.34) 
8( 5.7; 0.42) 
7( 5.9; 0.24) 
8( 13.3; 0.20) 
8( 25.1; 0.61) 
8( 20.8; 0.44) 
8( 3.8; 0.20) 
S( 17.2; 0.31) 
8( 7.7; 0.31)
8( 19.3; 0.65) 
8( 23.3; 0.73) 
8( 15.7; 0.37) 
8( 4 .9; 0.15) 
8( 4.1; 0.13) 
8( 10.0; 0.58) 
6( 8.9; 0.32)
6( 18.0; 0.69) 
8( 3.0; 0.18)
8( 41.5; 1.01) 
8( 4.5; 0.15) 
8( 5.9; 0.15) 
8( 30.7; 0.78) 
8( 5 .6; 0.14)
8( 3.3; 0.15) 
8( 33.9; 1.21) 
8( 12.2; 0.61) 
8( 10.6; 0.39) 
8( 4 .4 ; 0.22) 
8( 10.7; 0.71) 
8( 4 .9 ; 0.35)
SOCORRO 
0 ( — ; — ) 
2(111.0; 2.83)
0 ( - )
2( 41.5; 0.71) 
2( 17.0; 0.00) 
2( 21.3; 0.21) 
2( 38.0; 0.43) 
2( 20.3; 0.07) 
2( 10.2; 0.07) 
2( 13.5; 0.43) 
2( 7 .1 ; 0.14) 
2( 4 .9 ; 0.14) 
2( 3.3; 0.14) 
2( 4 .6 ; 0.07) 
2( 5 .1 ; 0.14) 
2( 13.1; 0.07) 
2( 23.8; 0.28) 
2( 18.0; 0.35) 
2 ( 3.6; 0.14) 
2( 15-7; 0.02) 
2( 6.9; 0.07) 
2( 17.6; 0.07) 
2( 21.5; 0.05) 
2( 13.9; 0.07) 
2( 4 .1; 0.14) 
2( 3.5; 0.28) 
2( 8.2; 0.14) 
2( 8 .0 ; 0.28) 
2( 15.8; 0.35) 
2( 2 .6; 0 .00) 
2( 37.7; 0,14) 
2( 3 ,9 ; 0.14) 
2 ( 4 .9 ; 0.35) 
2( 27.1; 0.14) 
2( 4 .6 ; 0.21) 
2( 3.0; 0.21) 
2( 29.0; 0.71) 
2( 10.3; 0.07) 
2( 8.9; 0.14) 
2( 3.4; 0.14)






3( 43.0; 1.00) 
3( 17.0; 0.00) 
3( 21.9; 0.40) 
3( 39.5; 0.45) 
3( 20.9; 0.69) 
3( 10.2; 0.36) 
3( 13.9; 0.42) 
3( 7.2; 0.21) 
3( 4.9; 0.27) 
3( 3.7; 0.27) 
3( 5.1; 0.21) 
3( 5 .5 ; 0.15) 
3( 13.4; 0.25) 
3( 24.8; 0.56) 
3( 19.4; 1.06) 
3( 3.7; 0.27) 
3( 16.2; 0.46) 
3( 7.1; 0.15) 
3( 17.8; 0.20) 
3( 21.6; 0.32) 
3( 14.4; 0.21) 
3( 4 .3; 0.21) 
3( 3.7; 0.10) 
3( 8 .8; 0.55) 
2( 7.9; 0.00) 
2( 16.5; 0.07) 
3( 2 .7 ; 0.29) 
3( 38.0; 0.45) 
3( 4 .1 ; 0.15) 
3( 5.2; 0.06) 
3( 28.1; 0.49) 
3( 4 .9 ; 0.25) 
3( 3.1; 0.21) 
3( 31.5; 0.15) 
3( 11.6; 0.40) 
3( 9 .4; 0.25) 
3( 3.6; 0.45) 
3( 9.4; 0.51) 




CHAR. SOSACRAT ACUSTIME CATARINA SANBORJA ELBARRIL
01 17(312.2 6.94) 13(285.2; 9.72) 5(283.8; 7.19) 8(288.6; 17.14) 2(300.0; 0.00)
02 17(132.3 6.71) 19(116.3: 4.25) 7(115.9; 4.53) 8(121.6; 4.17) 2(120.5; 6.36)
03 17(179.9 3.11) 13(168.2; 8.80) 5(167.0; 4.18) 8(167.0; 15.19) 2(179.5; 6.36)
04 17( 45.5 0.94) 19( 42.6; 1.21) 7( 41.7; 0.76) 8( 43.1; 1.13) 2< 41.0; 1.41)
OS 17 ( 15.8 0.95) 19 ( 17.1; 0.78) 7( 16.9; 0.38) 8( 17.5; 0.76) 2( 18.0; 0.00)
06 15 ( 23.3 0.36) 19 ( 21.7; 0.45) 7( 21.2; 0.39) 8( 21.9; 0.42) 2( 21.6; 0.21)
07 14( 42.5 0.41) 19 ( 39.4; 0.84) 7( 38.4; 0.84) 7( 39.9; 1.10) 2( 38.8; 0.28)
OS 15( 24.2 0.26) 19 ( 21.3; 0.50) 7( 20.6; 0.58) 8( 21.8; 0.29) 2( 21.7; 0.02)
09 16( 11.0 0.31) 19( 10.5; 0.39) 7( 10.2; 0.22) 8( 10.7; 0.35) 2( 10.6; 0.21)
10 17( 15.2 0.40) 19 ( 14.1; 0.42) 7( 13.8; 0.49) 8( 14.4; 0.30) 2{ 13.6; 0.21)
11 16 ( 8.0 0.15) 19( 7.3; 0.17) 7( 7.2; 0.19) 8( 7.7; 0.18) 2( 7.7; 0.07)
12 17 ( 5.4 0.18) 19 ( 5.2; 0.23) 7( 4.8; 0.35) 8( 4.8; 0.24) 2( 4.9; 0.07)
13 17 ( 4.6 0.25) 19( 3.8; 0.22) 7( 3.6; 0.26) 8( 3.7; 0.31) 2( 3.8; 0.07)
14 17( 6.4 0.21) 19( 5.0; 0.20) 7( 4.8; 0.20) 8( 5.0; 0.23) 2( 4.9; 0.07)
15 15( 6.4 0.25) 18( 5.5; 0.18) 7( 5.5; 0.24) 7( 5.6; 0.15) 2( 5.3; 0.28)
16 14 ( 14.0 0.24) 17 ( 13.3; 0.29) 7( 12.9; 0.28) 7( 13.6; 0.40) 2( 13.3; 0.02)
17 14( 26.7 0.81) 18( 24.8; 0.61) 7( 23.9; 0.65) 7( 25.6; 0.74) Z( 25.8; 0.14)
18 15( 21.6 0.63) 19 ( 18.8; 0.61) 7( 18.3; 0.66) 8( 19.3; 0.63) 2( 19.2; 0.07)
19 17 ( 4.0 0.12) 19 ( 3.7; 0.18) 7( 3.4; 0.16) 8( 3 .9 ; 0.16) 2( 3.5; 0.28)
20 17( 18.3 0.34) 19 ( 16.1; 0.44) 7( 15.9; 0.32) 8( 16.4; 0.39) 2( 16.2; 0.35)
21 17( 8.5 0.29) 19 ( 7.2; 0.25) 7( 6.9; 0.18) 8( 7.4; 0.41) 2( 7.4; 0.07)
22 17 ( 20.0 0.34) 19 ( 17.3; 0.48) 6( 17.4; 0.39) 8( 18.1; 0.44) 2( 17.1; 0.07)
23 17 ( 24.4 0.41) 19 ( 21.5; 0.57) 7( 21.0; 0.45) 8( 21.9; 0.42) 2( 20.7; 0.07)
24 17( 16.5 0.33) 19( 14.1; 0.41) 7( 14.0; 0.35) 8( 14.7; 0.40) 2( 14.2; 0.21)
25 17 ( 5.2 0.13) 19 ( 4.3; 0.11) 7( 4.2 ; 0.12) 8( 4.3; 0.08) 2( 4.4; 0.00)
26 17 ( 4.3 0.02) 19 ( 3.5; 0.02) 7( 3 .e ; 0.02) 8( 3.7; 0.17) 2( 3.6; 0.07)
27 17( 10.5 0.39) 19( 8.8; 0.49) 7( 8.2; 0.27) 8( 9.1 ; 0.49) 2( 8.9; 0.14)
28 IK 9.4 0.45) 16( 7.9; 0.35) 7( 7.6; 0.28) 5( 7.9; 0.34) 0( — )
29 13( 19.1 0.69) 17( 16.4; 0.55) 7( 15.8; 0.32) 6( 16.9; 0.45) K 16.5; — )
30 16 ( 3.1 0.15) 19 ( 2.6; 0.16) 7( 2.4; 0.03) 7( 2.7; 0.11) 1{ 2.6; — )
31 17( 44.1 0.80) 18( 37.2; 1.23) 7( 37.0; 0.63) 8( 38.4; 0.59) 2( 37.0; 0.85)
32 17( 4 .8 0.18) 19 ( 4.0; 0.19) 7( 3.9; 0.18) 8( 4.2; 0.14) 2( 4 .2 ; 0.28)
33 17( 6.1 0.21) 19( 5.0; 0.21) 7( 5.2; 0.19) 8( 5.3; 0.26) 2( 5.0; 0.14)
34 17( 32.7 0.69) 19( 27.6; 0.80) 7( 27.5; 0.65) 8( 28.2; 0.54) 2{ 27.7; 0.57)
35 17( 5.8 0.23) 19( 4.8; 0.16) 7( 4.7; 0.12) 8( 4 .9; 0.13) 2( 5.0 ; 0.14)
36 17( 3.5 0.14) 18( 3.1: 0.16) 7( 2.9; 0.14) 8( 3.1; 0.14) 2( 3 .1 ; 0.00)
37 17( 37.1 0.62) 19( 30.4; 0.79) 7( 30.8; 3.53) 8( 31.6; 0.73) 2( 30.6; 0.14)
38 17( 13.9 0.29) 19( 11.1: 0.51) 7( 10.7; 0.61) 8( 11.6; 0.58) 2( 11.6; 0.07)
39 17( U . l 0.24) 19( 9.1: 0.39) 7( 9.0: 0.39) 8( 9 .6; 0.27) 2< 9.7; 0.14)
40 17( 4.5 0.24) 19( 3.6; 0.23) 7( 3.4: 0.10) 8( 3.7; 0.36) 2( 3.7; 0.14)
41 16( 11.6 0.46) 17( 9.3: 0.48) 7( 8.8; 0.35) 8( 9 .4; 0.25) K 9 .8 ;




CHAR. R.ALEGRE IGNACIO REFUGIO
01 15(297.6 9.18) 10(294.2 13.08) 22(301.7; 10.92)
02 18(123.5 4.12) 11(118.7 8.44) 24(120.5; 4.70)
03 15(174.0 8.90) 10(176.0 7.76) 22(181.1; 11.39)
0* 18 ( 43.2 1.69) IK 44.4 1.36) 24 ( 44.2; 1.09)
OS 18( 18.8 1.10) IK 18.4 1.12) 24( 17.9; 1.04)
06 17( 22.6 0.38) IK 22.2 0.82) 24 ( 22.1; 0.39)
07 16( 40.9 0.75) 10 ( 40.0 1.42) 18( 40.2; 0.61)
08 18( 22.4 0.52) IK 21.4 1.10) 23( 21.3; 0.71)
09 18( 10.9 0.42) 11( 10.8 0.54) 24( 10.5; 0.46)
10 18( 14.4 0.38) 11( 14.4 0.76) 23( 14.4; 0.60)
11 18 ( 7.9 0.22) 11( 7.5 0.30) 24 ( 7.6; 0.15)
12 18( 5.1 0.24) 11( 4.9 0.19) 24C 5.1; 0.26)
13 18( 3.9 0.25) 11( 3.7 0.28) 24 ( 3.8; 0.24)
14 18( 5.2 0.23) 11( 4.9 0.44) 24 ( 5 .1; 0.27)
15 16 ( 5.7 0.20) 10( 5.5 0.23) 21( 5 .6; 0.19)
16 16 ( 13.7 0.21) 10( 13.4 0.40) 19 ( 13.7; 0.27)
17 16( 26.1 0.59) 10( 25.2 0.98) 20( 25.8; 0.51)
18 17( 19.6 0.75) 11( 19.1 0.68) 24 ( 19.2; 0.54)
19 13( 3.9 0.19) 11( 3.6 0.23) 23( 3.7 ; 0.22)
20 18( 17.0 0.31) 11( 16.1 0.66) Z4( 16.5; 0.35)
21 18( 7.8 0.24) 11( 7.5 0.38) 24 ( 7 .6 ; 0.20)
22 18( 18.6 0.54) 11( 17.6 0.79) 24( 18.2; 0.54)
23 18( 22.3 0.97) 11( 21.4 0.95) 24 ( 22.1; 0.64)
24 18( 14.9 0.39) 11( 14.2 0.63) 24 ( 14.6; 0.49)
25 18( 4.6 0.16) 11( 4.4 0.21) 24 ( 4.6 ; 0.19)
26 18( 3.8 0.16) 11( 3.6 0.20) 24( 3.8; 0.17)
27 17( 9.3 0.34) 11( 8.8 0.58) 24( 9.0 ; 0.44)
28 16( 8.6 0.40) 9( 7.8 0.51) 21( 8.4; 0.51)
29 16( 17.7 0.52) 9( 16.2 0.13) 21( 16.9; 0.87)
30 15( 2.8 0.16) IK 2.7 0.25) 24 ( 2.8; 0.17)
31 1B( 39.6 1.18) 10( 37.8 1.70) 24 ( 39.2; 1.14)
32 18( 4.4 0.17) 11( 4.1 0.14) 24 ( 4 .4; 0.19)
33 18( 5.4 0.25) U ( 5.3 0.42) 24( 5.6; 0.25)
34 18( 29.5 0.94) 11( 28.0 11.8) 24( 29.1; 1.07)
35 18 ( 5.1 0.22) IK 4.9 0.21) 23( 5.2; 0.21)
36 18( 3.4 0.48) 11( 3.0 0.15) 24( 3.3; 0.18)
37 18( 32.9 1.09) 11( 30.7 1.69) 24( 32.2; 1.35)
38 18( 12.6 0.41) 11( 11.6 0.92) 24( 12.3; 0.66)
39 18( 10.0 0.31) 11( 9.4 0.60) 24( 9.6; 0.46)
40 18( 3.8 0.22) 11( 3.8 0.31) 24( 3.8; 0.28)
41 1B( 10.1 0.37) 11( 9.1 0.58) 24( 9.9; 0.46)




CHAR. TRINIDAD ESCOCRAV SOCORRO ROSAAGIL XOSACRAV
01 21(277.4; 10.86) 5(289.0; 7.80) 0( ---- 2(283.5 14.90) 12(310.3; 7.04)
02 28(112.2; 5.11) 7(120.0; 7.77) 2(112.0 7.07) 4(115.0 5.42) 17(129.9; 6.27)
03 21(165.1; 7.87) 5(172.4; 4.51) 0( ---- ---- ) 2(165.5 7.78) 12(180.4; 4.54)
04 28 ( 41.5; 1.69) 7( 43.6; 1.40) 2( 42.0 1.41) 4( 41.5 1.00) 17( 44.7; 1.17)
05 28( 17.0; 1.17) 7( 15.4; 1.62) 2( 17.0 1.41) 4( 17.3 0.96) 17 ( 16.1; 0.86)
06 26( 21.3; 0.51) 6( 21.9; 0.55) 2( 21.0 0.71) 4( 21.6 0.18) 16( 23.1; 0.42)
07 22( 38.1; 2.13) 6( 36.6; 7.35) 2( 37.8 0.85) 4( 39.2 0.64) 1Z( 41.8; 0.57)
08 25( 20.3; 0.81) 6( 22.6; 1.02) 2( 21.0 0.28) 4( 21.2 0.95) 16( 23.9; 0.96)
09 26( 10.4; 0.45) 6( 10.7; 0.54) 2( 10.3 0.14) 4( 10.6 0.14) 16( 11.1; 0.56)
10 25( 13.8; 0.61) 6( 14.1; 0.43) 2( 13.7 0.50) 4{ 13.8 0.49) 17( 14.9; 0.32)
11 27 ( 7.4; 0.20) 6( 7.8; 0.33) 2( 7.2 0.14) 4( 7.5 0.24) 16 ( 8.0; 0.14)
12 Z7( 4.9; 0.33) 6( 5.3; 0.22) 2( 4.9 0.64) 4( 5.0 0.14) 17 ( 5.4; 0.18)
13 28( 3.5; 0.26) 7( 4.1; 0.26) 2( 3.6 0.21) 4( 3.7 0.22) 17 ( 4.7; 0.27)
14 28( 5.0; 0.27) 7( 5.9; 0.35) 2( 5.0 0.42) 4( 4.9 0.25) 17( 6.3; 0.31)
15 26( 5.3; 0.25) 7( 5.8; 0.17) 2( 5.3 0.07) 4( 5.5 0.13) 13( 6.2; 0.17)
16 26( 13.1; 0.27) 7( 13.4; 0.24) 2( 12.8 0.07) 4( 13.1 0.17) 14( 14.0; 0.25)
17 26 ( 24.3; 0.55) 6( 25.1; 0.83) 2( 23.9 0.85) 4( 24.5 0.26) 15 ( 26.1; 0.58)
18 28( 18.6; 0.65) 7( 20.7; 0.62) 2( 18.0 0.78) 4( 18.8 0.38) 15( 21.3; 0.82)
19 26( 3.6; 0.17) 6( 3.7; 0.16) 2( 3.7 0.07) 4( 3.6 0.13) 17 ( 3.9; 0.19)
20 28( 15.9; 0.38) 7( 17.2; 0.55) 2( 15.8 0.50) 4( 16.4 0.28) 17( 18.2; 0.46)
21 28( 7.0; 0.38) 7( 7.6; 0.43) 2( 6.7 0.07) 4( 7.3 0.16) 17( 8.3; 0.29)
22 28( 17.1; 0.54) 7( 19.3; 0.76) 2{ 17.8 0.64) 4( 17.7 0.57) 17( 19.6; 0.38)
23 28( 20.8; 0.66} 7( 23.3; 0.85) 2( 21.4 0.71) 4( 21.4 0.52) 17 ( 23.7; 0.51)
24 28( 13.8; 0.41) 6( 15.5; 0.46) 2( 13.9 0.64) 4( 14.2 0.63) 17( 16.0; 0.35)
25 28( 4.2; 0.17) 6( 4.9; 0.15) 2( 4.3 0.21) 4( 4.3 0.05) 17( 5.1; 0.17)
26 28( 3.5; 0.19) 6( 4.1; 0.17) 2( 3.4 0.14) 4( 3.7 0.10) 17( 4.2; 0.13)
27 28( 8.6; 0.35) 7( 9.7; 0.79) 2( 8.4 0.50) 4( 8.6 0.26) 17( 10.3; 0.26)
28 25( 7.7; 0.52) 7( 8.7; 0.57) 2( 6.0 0.00) 4( 7.5 0.14) 14( 8.9; 0.38)
29 27( 15.9; 0.69) 7( 17.8; 1.08) 2( 15.8 0.14) 4( 16.0 0.76) 14( 18.8; 0.58)
30 27 ( 2.6; 0.16) 7( 3.0; 0.21) 2( 2.7 0.14) 4( 2.7 0.06) 17( 3.1; 0.11)
31 27( 36.2; 1.09) 7( 41.1; 0.14) 2( 36.5 1.56) 4( 37.2 0.54) 17( 42.8; 0.66)
32 28 ( 4.0; 0.15) 7( 4.5; 0.22) 2( 3.8 0.00) 4( 4.1 0.24) 17 ( 4.7; 0.18)
33 28( 5.0; 0.24) 7( 5.9; 0.22) 2( 4.9 0.00) 4( 5.1 0.22) 17( 6.1; 0.22)
34 27( 26.7; 0.81) 7( 30.2; 1.24) 2( 27.1 1.13) 4( 27.6 0.37) 17( 31.8; 0.53)
35 28( 4.6; 0.17) 7( 5.6; 0.16) 2( 4.7 0.21) 4( 4.8 0.19) 17( 5.7; 0.20)
36 28( 2.9; 0.15) 7( 3.3; 0.14) 2( 3.1 0.07) 4( 3.0 0.13) 17( 3.4; 0.21)
37 28( 29.2; 1.42) 7( 33.7; 1.81) 2( 29.0 0.13) 4( 30.1 0.93) 17 ( 35.9; 0.96)
38 28( 10.1; 0.57) 7( 12.0; 0.64) 2( 10.3 0.42) 4( 10.4 0.54) 17( 12.6; 0.55)
39 28( 8.9; 0.49) 7( 10.7; 0.63) 2( 9.0 0.14) 4( 9.3 0.38) 17( 11.4; 0.39)
40 28( 3.3; 0.21) 7( 4.2; 0.20) 2( 3.3 0.07) 4( 3.1 0.33) 17( 4.4; 0.21)
41 28( 8.8; 0.47) 7( 10.5; 0.79) 2( 8.7 0.42) 4( 9.1 0.33) 17( 11.2; 0.35)




CHAR. ACUSTINE CATARIIU 8AIIB0RJA R.AIECRE IGNACIO
01 12(284.5 12.00) 2(272.5 3.50) 5(291.0 5.30) 9 285.7 13.41) 8(283.0 9.18)
02 13(117.0 4.16) 3(114.3 3.06) 5(117.2 2.17) 17 117.7 6.11) 9(116.3 4.82)
03 12(167.1 9.50) 2(159.5 0.71) 5(173.8 6.38) 9 170.1 10.97) 8(167.5 7.07)
04 13( 42.6 1.45) 3( 41.7 1.16) 5( 42.4 1.14) 17 42.2 1.13) ?( 43.4 1.01)
05 13( 17.3 0.75) 3( 17.0 0.00) 5( 18.2 1.10) 17 18.5 1.28) 9( 17.7 0.71)
06 13( 21.9 0.28) 3( 21.2 0.15) 5( 22.0 0.27) 17 22.1 0.48) 9( 21.6 0.86)
07 12( 39.3 0.85) 3( 38.4 0.69) 4( 39.5 0.40) 17 40.1 1.00) 8( 39.1 1.28)
08 12( 21.4 0.72) 3( 21.2 0.10) 5( 21.3 0.76) 17 22.0 0.89) 9( 20.6 1.17)
09 13( 10.7 0.51) 3( 10.3 0.63) S( 10.7 0.47) 17 10.8 0.36) 9( 10.3 0.59)
10 13( 14.1 0,47) 3( 13.6 0.36) 4( 14.2 0.50) 17 14.1 0.43) 9( 14.2 0.57)
11 13( 7.6 0.27) 3( 7.4 0.10) S( 7.6 0.13) 17 7.7 0.21) 9( 7.4 0.17)
12 13( 5.3 0.41) 3( 4.9 0.21) S( 5.0 0.17) 17 5.0 0.27) 8( 4.6 0.21)
13 13( 3.8 0.22) 3( 3.7 0.21) 5( 3.7 0.19) 17 3.8 0.36) 9( 3.6 0.39)
14 13( 5.1 0.28) 3( 5.0 0.21) S( 5.0 0.22) 17 5.2 0.30) 9( 4.8 0.25)
15 12( 5.5 0.33) 3( 5.5 0.29) S( 5.6 0.09) 17 5.5 0.26) 8( 5.3 0.13)
16 12( 13.5 0.25) 3( 13.2 0.06) 5( 13.1 0.22) 17 13.6 0.30) 9( 13.2 0.34)
17 IK 24.9 0.59) 3( 24.3 0.21) S( 25.1 0.63) 17 25.4 0.65) 9( 24.6 0.94)
13 13( 19.2 0.54) 3( 18.5 0.11) 5( 18.7 0.27) 17 19.3 0.57) 9( 18.9 0.50)
19 13( 3.6 0.19) 3( 3.3 0.12) 4( 3.6 0.24) 17 3.8 0.18) 9( 3.4 0.19)
20 13( 16.2 0.34) 3( 16.1 0.21) 5( 16.2 0.17) 17 16.5 0.46) 9( 15.8 0.50)
21 13( 7.3 0.34) 3( 6.8 0.15) 5( 7.2 0.20) 17 7.7 0.29) 9( 7.2 0.18)
22 13( 17.6 0.44) 3( 17.5 0.57) 5( 17.3 0.59) 17 17.9 0.58) 9( 16.9 0.50)
23 13( 21.1 0.84) 3( 21.2 0.62) 5( 21.1 0.55) 17 21.6 0.65) 9( 20.5 0.63)
24 13( 14.1 0.40) 3( 13.9 0.23) 5( 14.3 0.38) 17 14.5 0.45) 9( 13.6 0.47)
25 13( 4.3 0.14) 3( 4.3 0.10) 5( 4.3 0.11) 17 4.4 0.14) 9( 4.2 0.14)
26 13( 3.6 0.17) 3( 3.6 0.17) S( 3.6 0.09) 17 3.7 0.18) 9( 3.6 0.18)
27 13( 8.7 0.41) 3( 8.7 0.40) 5( 9.0 0.15) 17 8.8 0.33) 9( 8.4 0.44)
28 8( 7.7 0.53) 2{ 7.8 0.14) 4( 7.8 0.17) 17 8.3 0.42) 8( 7.3 0.54)
29 9( 16.1 0.35) 2( 16.5 0.64) 5( 16.5 0.68) 17 16.9 0.75) 9( 15.6 1.06)
30 12( 2.6 0.19) 2( 2.3 0.07) 5( 2.6 0.23) 17 2.8 0.18) 8( 2.6 0.28)
31 13( 36.9 1.08) 3( 36.7 1.36) 5( 37.0 0.74) 17 38.0 0.95) 9( 36.6 1.10)
32 13( 4.1 0.16) 3( 4.2 0.00) S( 4.1 0.06) 17 4.2 0.17) 9( 4.0 0.20)
33 13( 5.0 0.24) 3( 5.2 0.20) 5( 5.3 0.20) 17 5.3 0.34) 9( 5.1 0.26)
34 13( 27.4 0.76) 3( 27.0 0.67) 5( 27.6 0.37) 17 29.0 2.89) 9( 27.0 0.92)
35 13( 4.8 0.18) 3( 4.7 0.06) 5( 4.9 0.15) 17 5.0 0.18) 9( 4.8 0.16)
36 13( 3.1 0.15) 3( 3.0 0.10) 4( 3.1 0.13) 17 3.2 0.17) 9( 3.0 0.15)
37 13( 30.3 0.96) 3( 30.0 1.45) 5( 31.0 0.86) 17 31.9 1.58) 9( 29.9 1.56)
38 I3( 10.5 0.28) 3( 10.3 0.06) 5( 10.4 0.60) 17 11.2 0.56) 9( 10.3 0,94)
39 13( 9.3 0.47) 3( 9.7 0.29) 5( 9.8 0.33) 17 10.2 0.42) 9( 9.6 O.SS)
40 13( 3.4 0.41) 3( 3.4 0.17) 5( 3.5 0.45) 17 3.7 0.24) 9( 3.7 0.21)
41 13( 8.9 0.39) 3( 8.8 0.40) 5( 9.0 0.33) 17 9.5 0.60) 9( 8.9 0.56)








04 19( 43.3; 0.65)
05 19( 17.6; 0.83)
06 18( 22.0; 0.44)
07 18( 40.0; 0.74)
08 18( 21.0; 0.51)
09 18( 10.5; 0.47)
10 19( 14.2; 0.48)
11 19( 7 .6 ; 0.20)
12 19 ( 5 .0 ; 0.21)
13 19( 3 .8 ; 0.22)
14 19( 4 .5 ; 0.20)
15 19( 5 .6; 0.26)
16 19( 13.6; 0.23)
17 19( 25.6; 0.47)
18 18( 19.0; 0.53)
19 19( 3 .7 ; 0.15)
20 19( 16.3; 0.36)
21 19( 7 .5 ; 0.31)
22 19( 17.7; 0.50)
23 19( 21.6; 0.62)
24 19( 14.2; 0.33)
25 19( 4 .6 ; 0.11)
26 19( 3 .8 ; 0.11)
27 19( 8 .7 ; 0.39)
28 17( 8 .3; 0.34)
29 18( 16.9; 0.51)
30 19( 2 .8 ; 0.20)
31 17( 37.9; 0.78)
32 18( 4 .3 ; 0.18)
33 19( 5 .4 ; 0.21)
34 19( 28.3; 0.48)
35 19( 5 .1 ; 0.20)
36 19( 3.2; 0.15)
37 19( 31.5; 0.86)
38 19( 11.1; 0.49)
39 19( 9 .9; 0.46)
40 19( 3.7; 0.31)
41 18( 9.5; 0.42)
42 19( 4.6; 0.69)
APPENDIX II
C h a ra c te r  means (°C) f o r  16 te m p e ra tu re  c h a r a c te r s  f o r  each  o f  th e  11 
w e a th e r  s t a t i o n s  used  in  B a ja  C a l i f o r n ia .  The mean te m p e ra tu re  c h a r a c te r s  
used  a re  as  fo l lo w s :  0 1 , J a n u a ry ; 0 2 , F e b ru a ry ; 03 , M arch; 04 , A p r i l ;  0 5 ,
May; 0 6 , Ju n e ; 0 7 , J u ly ;  08 , A ugust; 0 9 , S ep tem ber; 10 , O c to b er; 1 1 , 
November; 12 , D ecem ber; 13 , W in te r; 1 4 , S p r in g ; 1 5 , Summer; 16 , F a l l .  The 
w ea th e r s t a t i o n s  a re  d e s ig n a te d  as fo l lo w s :  A, V a lle  de l a  T r in id a d ,  B. C.
N .; B , Las E sco b as , B. C. N .; C, E l S o c o rro , B . C. N .; D, E l R o s a r io ,  B. C. 
N .; E , San A g u s t in ,  B. C. N . ; F , S an ta  C a ta r in a  (S u r ) ,  B. C. N .; G, San 
B o r ja ,  B. C. N .; H, E l B a r r i l ,  B. C. N .; I ,  Rancho A le g re ,  B. C. N .; J , San 
Ig n a c io ,  B. C. S ; K .,  E l R e fu g io , B. C. S.
L o c a l i ty
B D H K
CHAR.
01 9 .4 1 1 .3 1 4 .3 1 4 .3 1 1 .2 1 3 .0 1 5 .0 1 6 .0 1 4 .2 1 6 .0 1 7 .0
02 1 0 .0 11 .9 1 4 .4 1 4 .9 1 2 .6 1 3 .2 1 5 .3 1 7 .2 1 5 .1 1 6 .6 1 7 .4
03 1 1 .6 1 2 .6 1 4 .9 1 5 .4 1 3 .4 1 5 .1 1 6 .5 1 8 .4 1 5 .8 1 8 .3 1 8 .8
04 1 4 .2 1 4 .3 1 5 .7 1 6 .7 1 6 .6 1 6 .7 1 8 .3 2 1 .3 1 7 .8 2 0 .1 2 0 .6
05 1 6 .2 1 5 .6 1 6 .8 1 7 .8 1 8 .3 1 9 .0 1 9 .1 2 3 .6 1 8 .5 2 1 .9 21 .8
06 20 .7 1 7 .3 1 7 .4 1 9 .0 2 2 .0 2 1 .5 21 .6 2 7 .5 2 0 .4 24 .5 2 3 .7
07 2 5 .2 19 .7 20 .2 2 1 .5 2 6 .0 2 5 .9 2 5 .2 3 0 .3 2 4 .1 2 7 .8 2 7 .3
08 2 5 .9 2 0 .5 2 0 .0 2 2 .6 2 6 .0 2 6 .5 2 6 .1 3 0 .3 2 5 .1 2 8 .4 2 8 .4
09 2 2 .5 1 9 .2 1 9 .2 2 1 .5 2 4 .2 2 5 .2 24 .7 2 9 .2 2 5 .0 2 7 .5 2 8 .6
10 1 8 .0 1 6 .6 1 8 .4 1 9 .1 1 9 .3 20 .9 22 .0 2 5 .6 2 1 .5 24 .0 2 5 .1
11 1 2 .1 1 4 .4 1 6 .8 1 6 .5 1 5 .1 1 7 .4 1 9 .2 2 0 .8 1 7 .8 1 9 .7 2 1 .2
12 1 0 .0 1 2 .0 1 4 .5 1 4 .8 1 2 .4 1 4 .8 1 6 .0 1 7 .4 1 5 .6 1 7 .2 1 8 .1
13 9 .8 1 1 .7 1 4 .4 14 .7 1 2 .1 1 3 .7 1 5 .4 1 6 .9 1 5 .0 1 6 .6 1 7 .5
14 1 4 .0 1 4 .2 1 5 .8 1 6 .6 1 6 .1 1 6 .9 1 8 .0 2 1 .1 1 7 .4 2 0 .1 2 0 .4
15 23 .9 1 9 .2 1 9 .2 2 1 .0 2 4 .7 2 4 .6 2 4 .3 2 9 .4 2 3 .2 26 .9 26 .5




C h a ra c te r  means (mm) f o r  16 p r e c i p i t a t i o n  c h a ra c te r s  fo r  each  o f  th e  
11 w ea th e r s t a t i o n s  u sed  in  B a ja  C a l i f o r n ia .  The mean p r e c i p i t a t i o n  c h a ra c te r s  
and th e  w e a th e r  s t a t i o n s  fo llo w  th e  same d e s ig n a t io n s  as th o se  f o r  te m p e ra tu re  
i n  Appendix I I .
ÎHAR.
A B C D E F G H I J K
01 25 .9 31 .9 4 6 .9 2 5 .7 1 9 .4 2 3 .1 1 9 .4 7 .0 4 2 .8 1 0 .1 1 2 .9
02 33 .6 1 6 .8 2 2 .2 1 8 .6 8 .4 1 5 .7 1 6 .5 4 .0 2 7 .0 6 .9 2 .4
03 2 4 .3 1 7 .3 1 2 .9 9 .2 1 0 .4 1 3 .4 1 0 .6 2 .3 2 4 .2 8 .8 1 .6
04 1 3 .4 1 0 .2 7 .3 5 .0 2 .2 5 ,0 3 .2 0 .0 0 .6 0 .0 0 .2
05 0 .9 0 .5 0 .0 1 .1 0 .0 1 .0 0 .2 0 .0 0 .2 0 .0 0 .0
06 0 .7 0 .1 0 .0 0 .7 0 .0 0 .0 0 .0 0 .0 1 .0 0 .0 0 .0
07 1 3 .1 0 .6 0 .0 0 .0 0 .1 0 .6 3 .8 6 .7 1 2 .7 7 .0 3 .7
08 2 4 .6 1 ,1 0 .8 0 .1 4 .7 3 .2 1 8 .1 1 5 .6 12 .5 1 6 .2 1 2 .2
09 1 2 .8 1 .4 0 .3 2 .1 2 1 .0 1 1 .2 1 9 .4 3 8 .3 2 2 .5 2 1 .2 1 3 .3
10 1 3 .6 5 ,7 7 .2 4 .9 6 .2 7 .5 2 .6 1 6 .0 1 0 .0 7 .1 7 .3
11 2 5 .2 1 1 ,0 1 5 .0 8 .9 4 .2 9 .3 5 .7 9 .3 2 5 .3 5 ,3 0 .3
12 4 0 .4 27 ,7 2 5 .1 18 .7 2 2 .0 2 9 .6 4 3 .0 1 9 .2 26 .9 9 .5 1 5 .3
13 1 1 2 .8 7 4 ,7 70 ,9 6 3 .1 5 0 .6 6 8 .3 7 3 .9 31 .7 8 6 .6 1 6 .6 1 7 .5
14 4 2 .7 2 9 .5 2 2 .2 1 6 .3 1 2 .5 1 9 .6 1 4 .0 2 .6 2 5 .0 2 0 .1 2 0 .4
15 3 8 .4 1 .8 0 .9 0 .9 5 .3 3 .8 1 4 .1 22 .9 2 7 .3 2 6 .9 2 6 .5
16 5 1 .7 1 6 .2 2 2 .6 1 3 .1 3 1 .5 2 9 .4 3 2 .9 7 5 .6 5 4 .9 2 3 .7 2 5 .0
00
APPENDIX IV
C h a ra c te r  means f o r  14 v e g e ta t io n  c h a r a c te r s  f o r  each  OTU in  B aja  
C a l i f o r n ia .  OTU num bers r e f e r  to :  1 , TRINIDAD; 2 , ESCGAGIL; 3 , ESCOGRAV;
4 , SOCORRO; 5 , ROSAAGIL; 6 , ROSAGRAV; 7 , AGUSTINE; 8 , CATARINA; 9 , SANBORJA; 
10 , ELBARRIL; 11 , R.ALEGRE; 12 , IGNACIO; 1 3 , REFUGIO. The c h a r a c te r s  used  
a re  a s  fo llo w s : 0 1 , t o t a l  p e rc e n t  c o v e r ; 02 , number o f  s p e c ie s  p r e s e n t ;
03 , number o f  t r a n s e c t  i n t e r c e p t s ;  0 4 , av e ra g e  s i z e  o f p la n t s  ( f t . ) ;  05 , 
number o f  b a re  a r e a s ;  06 , av erag e  s i z e  o f  b a re  a re a s  ( f t . ) ;  0 7 , p e rc e n t  
cover by d e b r i s ;  0 8 , p e rc e n t  covered  by ro c k s ;  0 9 , number o f  i n t e r c e p t s  o f  
m ost f re q u e n t s p e c ie s ;  10 , number o f  i n t e r c e p t s  o f  second m ost f re q u e n t 
s p e c ie s ;  11 , number o f  i n t e r c e p t s  o f  t h i r d  m ost f re q u e n t s p e c ie s ;  1 2 , 
g r e a t e s t  av erag e  i n t e r c e p t  le n g th  ( f t . ) ;  1 3 , second  g r e a t e s t  av e rag e  
in t e r c e p t  le n g th  ( f t . ) ;  14 , t h i r d  g r e a t e s t  av erag e  in t e r c e p t  le n g th  ( f t . ) .
OTU________________________________________________
7 8 9 10 11 12 13
CHAR.
01 5 0 .2 6 0 .5 2 2 .6 4 5 .2 2 9 .9 3 0 .1 1 2 .7 1 3 .3 4 2 .9 3 0 .5 1 0 .2 3 1 .5 1 2 .9
02 3 .7 6 .0 2 .4 7 .4 5 .1 2 .7 2 .0 9 .3 8 .9 6 .9 3 .4 4 .3 5 .7
03 1 6 .2 5 1 .7 38 .9 6 3 .8 25 .9 1 7 .4 8 .4 113 .2 4 2 .9 1 7 .0 9 .4 1 8 .0 2 4 .4
04 6 .5 2 .4 1 .2 1 .4 2 .3 3 .5 3 .6 0 .3 2 .0 3 .6 2 .2 3 .6 1 .1
05 1 1 .2 2 8 .8 4 5 .8 2 3 .5 24 .6 2 5 .0 9 .2 1 5 .6 2 0 .9 9 .7 1 1 .4 1 2 .4 1 0 .5
06 8 .4 2 .8 3 .4 4 .7 5 .7 5 .6 2 3 .3 1 1 .5 5 .5 1 4 .3 1 5 .8 1 1 .2 1 6 .8
07 4 .1 1 .4 0 .0 1 .4 1 .4 4 .4 1 .5 1 .3 3 .6 3 .6 1 .7 1 .9 1 .3
08 2 .7 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
09 2 6 .8 1 2 2 .2 221 .4 2 1 .9 1 2 2 .2 22 2 .6 2 3 .0 2 0 .2 1 2 1 .5 2 2 .0 2 1 .5 2 4 .4 2 0 .1
10 2 .5 1 .9 0 .8 2 .4 1 .6 3 .7 2 .9 0 .1 2 .2 4 .3 2 .6 3 .9 1 .0
11 7 .5 2 .9 0 .4 2 .4 2 .5 4 .0 5 .9 0 .1 4 .2 6 .4 3 .5 3 .3 2 .2
12 6 .8 2 .2 1 .4 2 .3 2 .2 ,2 .6 4 .2 1 .6 4 .2 4 .5 1 .5 4 .4 2 .1
13 7 .5 2 .9 0 .8 2 .0 1 .6 3 .7 5 .5 2 .1 2 .2 8 .0 2 .6 3 .9 3 .3




C h a ra c te r  m ean, s ta n d a rd  d e v ia t io n ,  and sam ple s i z e  f o r  17 burrow  
c h a r a c t e r i s t i c s  o f  kangaroo  r a t s  (Dipodomys) f o r  each  o f  th e  OTUs (T here a re  
no burrow  d a ta  f o r  OTU ESCGAGIL). V alues a r e  g iv e n  a s :  sam ple s i z e  (mean;
s ta n d a rd  d e v i a t io n ) .  The c h a r a c te r s  u sed  a re  as  fo l lo w s : 0 1 , h e ig h t  o f
opening  (cm ); 0 2 , w id th  o f  open ing  (cm ); 0 3 , number o f  o p e n in g s ; 0 4 , g r e a t e s t  
d ep th  o f  th e  system  (cm ); 0 5 , av e rag e  d ep th  o f  th e  system  (cm ); 0 6 , number 
o f  n e s t s ;  0 7 , av e ra g e  d ep th  o f  n e s t s  (cm ); 0 8 , av e ra g e  d ia m e te r  o f  main 
burrow  (cm ); 0 9 , av e rag e  d ia m e te r  o f  s id e  burrow s (cm ); 1 0 , av e ra g e  le n g th  
o f  s id e  burrow s (cm ); 1 1 , number o f s id e  b u rro w s; 12 , g r e a t e s t  le n g th  o f  
system  (cm ); 13 , g r e a t e s t  w id th  o f  sy stem  (cm ); 1 4 , lo c a t io n  ( i . e . ,  w h e th e r 
th e  burrow  was un d er v e g e ta t io n  o r  n o t ) ;  1 5 , mound p r e s e n t ;  1 6 , number o f  
food caches ; 1 7 , av e ra g e  d ep th  o f  food  caches  (cm ).
TRINIDAD ESCOGRAV
OTU
SOCORRO ROSAAGIL ROSAGRAV AGUSTINE
CHAR.
01 10 ( 5 .9 0.99) 6( 8 .4 1.88) 8( 6 .8 1 .01) 6( 5.9 1.28) 4( 6 .0 ; 1 .47) 10 ( 5 .5 1.34)
02 10 ( 5 .5 0.89) 6( 7 .6 0 .87) 8( 5 .6 0 .73) 5( 5 .9 1.56) 4( 6 .9; 1 .75) 10 ( 5 .4 0 .82)
03 10( 3 .1 2.60) 6( 4 .7 5.09) 8( 2 .5 0 .76) 7( 1.4 0.79) 4( 1 .8 ; 0 .50) I K 2 .3 1.68)
04 10( 49.4 12.57) 6( 39.8 5 .64) 8( 56 .3 16.42) 7( 35.9 10.54; 4( 49.5; 24.77) 11( 45 .3 19.47)
05 10( 32.3 6.54) 6( 29.2 4 .36) 8( 35.4 6.99) 7( 24.6 7.14) 4( 32.8; 10.81) I K 33.6 7 .99)
06 . 10( 1 .2 1.81) 6( 3 .3 2.07) 8( 1 .6 1.06) 7( 0 .4 0.54) 4( 1 .5 ; 1.29) IK 0 .3 0.47)
07 10( 24,3^ 21.36) 6( 31.6 7.05) , 8( 42 .3 23.75) 7( 11.4 14.51) 4( 25.8; 20.04) I K 8.6 15.10)
08 10( 7 .8 3.15) 6( 8 .7 0.52) 8( 7 .3 0 .38) 7( 6 .3 0.81) 4( 8 .0; 0.82) I K 5 .7 0.75)
09 10( 7 .6 0 .83) 6( 8 .2 0.98) 8( 6 .8 0 .53) 7( 6 .2 0.76) 4( 8 .9; 2 .84) IK 5.6 0.70)
10 10 ( 48.9 15.69) 6( 40.2 10.31) 8( 38.9 16.91) 7( 31.7 14.93) 4( 41 .7; 3 ,04) 11 ( 35.7 10.49)
11 10( 5 .3 5.19) 6( 24.7 11.89) 8( 8 .0 3.97) 7( 6 .3 1.89) 4( 16.8; 3.95) I K 6 .5 4.06)
12 10(295.1 136.25) 6(584 .8 459.29) 8(193.9 49.43) 7(282.9 246.15) 4(353.8; 92.68) 11(225.6 116.15)
13 9(127 .9 71.25) 6(318.5 224.20) 8(170.1 49.09) 7(125.7 53.15) 4(280 .0; 47.43) 11(138.7 93.00)
14 10( 0 .3 0.48) 6( 0 .0 0 .00) 8( 0 .0 0 .00) 7( 0 .3 0.49) 4( 0 .0 ; 0.00) I K 0 .3 0.47)
15 10( 0 .0 0.00) 6( 0 .0 0.00) 8( 0 .0 0 .00) 7( 0 .1 0 .38 ) 4( 0 .3 ; 0 .50) I K 0.1 0.30)
16 10( 1.8 2.62) 6( 10.7 5.32) 8( 4 .4 2.26) 7( 2 .9 4.26) 4( 9 .0 ; 6.06) I K 2.2 2.14)





CATARIHA SANBORJA ELBARRIL R.ALEGRE IGNACIO REFUGIO
CHAR.
01 10( 5.5; 0.44) 9( 5.4; 0.64) 5( 5.7 1.18) 3( 6.8 0.58) 10 ( 5.8 1.28) 9( 5.3; 1.20)
02 10( 5.5; 0.78) 9( 5.9; 1.61) 5( 6.2 0.59) 3( 8.7 4.04) 10 ( 6.3 0.93) 9( 6.3; 0.81)
03 10 ( 2.8; 1.14) 9( 2.7; 0.87) 5( 5.6 4.04) 3( 3.3 0.58) 10 ( 3.6 1.78) 10 ( 4.2; 2.70)
04 10( 42.3; 18.81) 9( 44.1; 13.30) 5( 35.6 17.01) 3( 45.3 10.50) 10( 52.5 16.65) 10 ( 34.8; 10.20)
05 10( 33.5; 10.96) 9( 37.3; 12.29) 5( 25.8 11.32) 3( 35.3 4.16) 10( 36.1 8.81) 10( 27.7; 5.27)
06 10( 0.6; 0.70) 9( 0.2; 0.44) 5( 0.6 0.00) 3( 0.3 0.58) 10 ( 0.3 0.48) 10 ( 0.0; 0.00)
07 10( 20.0; 25.59) 9( 7.3; 14.97) 5( 0.0 0.00) 3( 11.3 19.63) 10 ( 10.8 17.69) 10( 0.0; 0.00)
08 10( 5.8; 0.88) 9( 6.1; 0.49) 5( 5.8 0.23) 3( 7.1 0.36) 10 ( 6.0 0.99) 10 ( 6.2; 0.63)
09 10( 6.3; 2.04) 9( 5.9; 0.64) 5( 5.7 0.25) 3( 7.7 2.08) 10( 5.8 0.68) 10 ( 6.2; 0.63)
10 10( 34.8; 11.53) 9( 37,2; 10.89) 5( 48.1 7.08) 3( 35.7 12.16) 10 ( 44.6 10.55) 9( 38.9; 7.18)
11 10( 6.0; 2.06) 9( 5.3; 2.74) 5( 9.0 8.89) 3( 10.3 5.51) 10( 7.8 3,46) 10 ( 9.6; 4.97)
12 10(212.5; 63.20) 9(264.1; 86.52) 5(311.0 152.38) 3(436.0 325.37) 10(315.6 102.38) 10(224.9; 68.11)
13 10(136.5; 45.00) 9(177.0; 77.63) 5(167.2 101.69) 3(212.3 110.35) 10(211.6 92.94) 10(140.5; 63.39)
14 10( 0.1; 0.32) 9( 0.0; 0.00) 5( 0.4 0.55) 3( 0.0 0.00) 10 ( 1.0 0.00) 10 ( 0.6; 0.52)
15 10( 0.0; 0.00) 9( 0.0; 0.00) 5( 0,2 0.45) 3( 0.0 0.00) 10 ( 0.8 0.42) 10 ( 0.9; 0.32)
16 10( 1.9; 2.42) 9( 0.7; 0.50) 5( 1.4 2.19) 3( 3.0 3.61) 10 ( 2,0 2.11) 10 ( 0.4; 0.52)
17 10( 15.6; 19.35) 9( 27.7; 23.54) 5( 11.4 17.60) 3( 26.5 22.95) 10( 25.4 25.09) 10 ( 9.8; 13.22)
VOo
